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New L&N pH Indicator. Equip 
ment includes: line-operated pH 
Indicator and Electrode Holder 
Assembly. Indicator case, of 


grey i meas- 
ures 10%" x 10%" x 8%”. 


* eliminates range changing 


* readable to within+0.02 pH 
distinctive 
Check these This converter-type pH Indicator offers remarkable 


LE advantages. stability. Embodying important refinements in circuit 
design, it is unaffected by normal fluctuations in line 
514" scale—covers full range of pit voltage ...or by zero drift of the amplifier. 


ee a ee In lab or plant—you'll appreciate the many advan- 
. Electrode system—tokes any suitable type. . . tages of this new instrument. The few required ad- 
- but circuit especially designed for high resistance justments are simple to make. Single, continuous pH 
0 to 14 scale eliminates range changing ...a big help 
@ when you're working near pH 7. And you can read 
ceeded wih end to within +0.02 pH...on either grounded or un- 
grounded solutions. 
a Only 2 controls, 1 switch—standordization and 

temperature-millivolt controls . . . zero switch. Key to stability: the Indicator incorporates the high 


quality shielded converter developed for our Speedo- 


4 voltage ranges—0 to +700, 0 to —700, 0 to max electronic recorders. Its circuit employs d.c. to 


+-1400, and 0 to —1400 mv... for redox work 


a.c. conversion, a.c. amplification, and conversion 
back to d.c. for voltage feedback. Conversion sta- 
Fast warmup—not miore than 1 minute. bilizes zero. Feedback stabilizes gain. 
Short response time—1,5 seconds . . . for most For details—send for Folder EM9-96(1). Write 4926 
readings. Stenton Ave., Phila. 44, Pa. 


LEEDS NORTHRUP 


Jri Ad EM9-96(2) 
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Mainiand’s 


| Medical 
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Statistics 


There is a notion held by many to the effect that statistics is little 
more than “scientific lying”—that series of numbers or percent- 
ages are juggled and twisted to fit the purpose of the statistician. 
In this new book, Dr. Mainland proves very conclusively that 
statistics should be a valid science and not a haphazard guessing 
game. He defines statistics as “the principles of quantitative 
medicine” and describes it as the science which translates ex- 
perience into sound, reliable conclusions. The emphasis through- 
out is on straight thinking about statistics rather than on tech- 
niques. 


The teacher of medical statistics, any clinician or research 
worker can put the book to good use in many ways. For one 
thing, it will help him to record his own clinical or experimental 
observations. Secondly, it helps him to draw conclusions from 
the data of other workers. And it will prove almost indispensable 
to the man who is preparing for publication an article based on 
results in a series of cases. 


It is remarkable that Dr. Mainland has been able to analyze such 
a technical field in an easy, conversational manner. He uses a 
dash of humor and a wealth of interesting anecdotes. 


Elementary Medical Statistics. The Principles of Quantitative Medicine. By DON- 
ALD MAINLAND, M.B., D.Sc., Professor of Medical Statistics, Division of Medical 
Statistics, the Department of Preventive Medicine, New York University College of 
Medicine. 327 pages, 5%” x 8%”, illustrated. $5.00. New. 


W. B. SAUNDERS COMPANY 


West Washington Square Philadelphia 5 
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LABORATORY 
CAGES 


PAPER CLEANING SYSTEM 


Laboratory Animal Equipment for your every need 


What's your problem? Is it housing a large number 
of laboratory animals in a limited space or finding 
that “special answer” to an unusual cage need? 
There is a Bussey cage and rack to end your search. 

We make cages, racks, automatic watering 
systems or complete equipment for the housing 
and sanitary care of all laboratory animals. Bussey 
Products Co. offers complete cage units that assure 
maximum efficiency, compact sizes and minimum 
work for the user. 


The improved “Permawel!d” welded-wire construc: 
tion is a result of top-notch engineering. Our 
modern production techniques permit price econ- 
omy. The results can’t be beat. Hundreds of the 
country’s leading laboratories can tell you that. 
Need help on a tough “special problem”? 
Our engineers will gladly assist you with any size 
and type of cage or rack to meet your special 
applications. Just write for our catalog or submit 


your specifications. 


_ BUSSEY PRODUCTS CO., 6000-19 W. 5ist St., Chicago 38, Ill. 
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RABBIT CAGE GENERAL PURPOSE CAGE 
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Instrumentation, 


and Technology 


Science, 


Bp meager is one of the foundation stones 
of modern science and technology. It is important 
that we realize this. Likewise, it is important that we 
understand its interrelationships with science and tech- 
nology. Some thought should also be given to the social 
implications of instrumentation. 

Almost invariably the history of an instrument be- 
gins with the observation that a change in some vari- 
able produces a change in another more easily meas- 
ured property of the system under observation. For 
instance, temperature measurements began when early 
workers observed that the volume of the gas enclosed 
in a thermoscope bulb was a function of temperature. 
It took over a century of study by many workers be- 
fore this observation resulted in the use of mereury 
in glass thermometers, with a scale based on easily 
reproduced fixed points. During this period, tempera- 
ture measurement was studied for its own sake; it was 
not a tool to be used to obtain more exact information 
about the effect of temperature on other phenomena. 
Even now we have research on temperature measure- 
ment in progress. It is directed toward more precise 
definition of the temperature scale, toward extending 
the seale to higher and lower ranges, and toward the 
development of more desirable measuring instruments. 
But now, most areas of the science of temperature 
measurement are so well known that they serve as 
tools for other branches of science and for industry. 

Today, progress in the science of instrumentation 
is usually much more rapid. We have the advantage 
of the work done by our predecessors, and we have a 
steadily increasing number of workers in the field. We 
also have an avid demand from industry and the armed 
forees for improved instruments of many types. We 
might take as an example a recently developed ultra- 
sonic viscometer. This instrument makes use of a mag- 
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netostriction oscillator to supply pulses of ultrasonic 
energy to a probe. The damping of the vibration of the 
probe is a function of the viscosity of the medium in 
which it is immersed. This instrument gives a continu- 
ous indication of the viscosity of the sample, and it 
has the advantage that, with one probe, it can cover a 
wide range of viscosities. Measurements can be made 
over a temperature range from — 109° F to + 650° F 
and at pressures ranging from the lowest attainable 
to thousands of pounds per square inch. There are no 
moving parts or orifices to be blocked. Here we have 
an instrument based on a completely different prin- 
ciple from those previously employed for measuring 
viscosity. The result is a device with unique advantages 
for many applications. Products as diverse as plasties, 
soil conditioners, treating agents for oil-well-drilling 
muds, paints, inks, synthetie fibers, starch, and gelatin 
will benefit from this improved tool for measuring 
viscosity. 

It is important to realize that the basie ideas for 
instrumentation come from research in pure science. 
Our technology depends on instrumentation. The de- 
mands of our technology cause instruments to become 
available which, although they were designed for in- 
dustrial use, often make research in pure science much 
easier. Thus, there is a fundamental relationship 
among pure science, instrumentation, and technology, 
with each benefiting from the others. This situation 
results in an inereasingly rapid rate of progress in 
all three fields. 

Instrumentation makes possible better products at 
lower cost in human labor. It does not, however, as 
some fear, put people out of work. It requires better 
trained workers to care for plants where instruments 
take over many of the operations formerly carried out 
manually, and it requires an instrument industry to 
supply the necessary instruments. 

H. Muncn 
Organic Chemicals Division 
Monsanto Chemical Company 
St. Louis, Missouri 
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into electrophoretically 


The Beckman 
Electrophoresis-Convection Apparatus 


Biochemists will find the new Beckman Electrophoresis- The Beckman Electrophoresis-Convection 

Convection Apparatus an indispensible tool—capable : : 

of fractionating mixtures of proteins possessing similar Apparatus consists of four units... 

physical and chemical properties, heretofore unfrac- 

tionable by previous methods. nail 
Uses of the Beckman Electrophoresis-Convection ©. Sere Platinum which © 

Apparatus include such widely divergent determina- trical Geld to aid separation 

tions as: 


3. Buffer Container, housing the fractionation cell and elec- 
trodes, designed to permit buffer solution circulation. 


1. Fractionation Cell where separation occurs into upper 


> Quantity separation. 


> Fractionation of a number of sera. 4. Control Unit containing 110 v. AC power pack and buffer 
> Resolution of gamma-globulins into a series of elec- circulation pump. 
trophoretically distinct fractions. The high resolving power, volume fractionation, purity 
> Separation of two closely related antibodies from a of separation and versatility of this equipment—plus 
single preparation of gamma-globulin. ease of manipulation—save many valuable hours during 
> Studies of complex colloidal mixtures. preparation procedures. 
> Prediction of approximate conditions necessary for For additional information on this new Beckman 
fractionation of any given system. time-saver, write for Data File 91-38 


Special Products Division 


BECKMAN INSTRUMENTS, INC. 


SOUTH PASADENA, CALIFORNIA 
Factory Service Branches: New York—Chicago—Los Angeles 


Beckman Instruments include: pH Meters and Electrodes — Spectrophotometers — Radioactivity Meters — Special Instruments 


BECKMAN INSTRUMENTS 


control modern industries 
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Your Chance to Own a Very Nice Instrument! 


IMPORTED MICROSCOPE 


200 POWER 
Good optical qualities, fine $] Postpaid 
focusing, excelient definition, 1 OCULAR 

clarity! Serviceable construc- 1 OBJECTIVE LENS 
tion . . . the greatest micro- 

scope bargain on the market! FOCUSING 

Try it for 10 days .. if 

you are not completely satis- ADJUSTABLE 

fied, your money will be re- MIRROR 

funded in full. SQUARE STAGE 


Comes packed in its own hard- 
wood case. 9%” x 444” x3%”. 


Stock 70,000-W 


MAKE YOUR OWN 
ASTRONOMICAL TELESCOPE 


See the craters of the moon, the rings of Saturn 
and the moons of Jupiter! Thousands of amateurs 
have turned out beautiful instruments at a fraction of 
the cost of commercially built ones. You can do the 
same. No special skill required. And what pride you 
will take in an Astronomical Telescope you have built 
with your own hands. Your telescope will be worth up 
to $600. Our kits include: PYREX MIRROR BLANK 
—PLATE GLASS TOOL—TEM- 
PERED POLISHING PITCH— 
8 ASSORTED EXTRA FINE 
ABRASIVES, ALL IN SHAKER 
TOP CONTAINERS (Rouge also 
included) — FIRST SURFACE 
MIRROR FOR DIAGONAL — 
LENSES FOR 1” F.L. EYE- 


PIECE—MAGNIFYING LENS. ° / 

Order Kit according to mirror Ow 

dia. desired: 
Stock + Size Pstpd. Price 
70,003-W ...... $ 7.00 
70 004-W ...... 11.00 
70,005-W ...... 18.00 
70,006-W ...... 28.00 
70,007-W ...... 49.00 


ONLY $39.50" 
IMPORTED PRISM 
BINOCULARS 


Fully Guaranteed! Luxury features include in- 
ternally coated optics, achromatic lenses; leather 


Imported 
20X TELESCOPE 


and Tri 


IMPORTED 
BABY MICROSCOPE 


ONLY 5” HIGH! JUST $4.00 Postpaid! 


Students, beginners, or full-fledged lab- 
men will find plenty of use for this lit- 
tle gem. Easily carried. Make minute 
inspections: plant and animal life, ma- 
terials. metals, ete.—it gives good, sharp 
definition! Good optical qualities, hinged 


case incl. at no extra cost. . base for inclined, easy viewing, easy-to-use 7-42 > 
Machined threaded fittings throughout. Stock + Model Price* pinion focusing. Circular stage, revolving fi) 
Weighs 7 ounces; 6%” closed length. gg TST Be scccsces $39.50 dise-light adjustable mirror. A real buy! “ 
13%” open length. Achromatic objec 45.50 10-day refund priv. 
tive lens low reflection coated on inside. Mere 7x50 (Not coated) 36.00 


Makes excellent spotting scope. Swivel- 
head tripod is collapsible. 
Stock 3$50,007-W .... 


Prices shown, Individual Focus— 
for Central Focus add $4 addi- 
tional to above prices. 

Instr. Without Tripod * All Binocular prices subject 
Stock #50,006-W .... $ 8.95 Pstpd. 20% Federal Tax. 


Splendid Value! 


LOOK AT THESE BARGAINS! 


SLIDE PROJECTOR SETS—Consist of all unmounted lenses 
you need to make the following size projectors: 

Steck #4029-W—35 mm. $2.85 Postpaid 
24%” x 2%” $3.85 Postpaid 
214” x 24%” $3.85 Postpaid 


SO MUCH for SO LITTLE! 


SIMPLE LENS KITS!—kits include plainly written, illus- 
trated booklet showing how you can build lots of optical 


items. Use these lenses in experimental optics, building 
TELESCOPES, low power Microscopes, etc. 

Stock lenses ..... .. $1.00 Postpaid 
Stock 7£10-W—80 lenses ...... $10.00 Postpaid 
NON-ABSORBING BEAM-SPLITTING MIRROR — Latest 
development! Optically flat to % wave length. Size: 


1-15/16” x 2-15/16"—%” thick. Reflects approximately 50% 
and transmits approximately 50%. No light is absorbed. 
Has a three-layered film which accomplishes non-absorption. 
Stock #567-W $5.00 Postpaid 


ADJUSTABLE! 20, 
40, 6O POWER! 


CROSCOPE 


imported, handy precision instrument of 


POCKET MI 


A compact, 
many uses. Select power you want, then focus sharply by 


turning special micro-focus ring. Good quality optics. 


Full satisfaction guaranteed. 
Stock 730005-W Only $2.95 Postpaid 


LENS CLEANING TISSUE—Iist quality, sheet size 11” x 74”. 
Made to Gov't. spec. Free of abrasives. High wet strength. 
Steck #721-W 


500 sheets $1.00 Postpaid 
A Handy, Useful Bargain! 
HAND SIGHTING LEVEL 


Accurately designed and calibrated. 
Indispensable as a hand sighting tool 
that projects a level line of sight. 
Invaluable for laying out drains, 
ditches, foundations, gardens; for 
contour plowing and soil erosion work. 
You will use this compact little instrument again and again wherever 

must be established or a level line is necessary over an appreciable distance. 
S'mple illustrated directions with each instrument. 
Stock #105-W $2. 


Prices.N 


IF YOU'RE INTERESTED IN OPTICAL BARGAINS 


We Hove Literally Millions of Wor Surplus 
Lemes ond Prisms for Sole ot Bergen 


50 Postpaid 
ORDER BY STOCK NO. 


for FREE CATALOG 
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ELECTRONIC STIMULATOR 


A versatile, self-contained unit which provides a wide range of 
recurrent square wave pulses of variable duration, for use 
in physiological, pharmacological and biological tests 


In addition to pulse dura- 
tion variable from .05 to 50 
milliseconds, provides: 


Single impulse of variable 


duration, 


Continuous d.c. stimulation 
up to 10 ds durati 
and 


Polarity reversing switch. 


8099-E. 


ELECTRONIC STIMULATOR, Square Wave, Variable Pulse, A.E.L. No. 751. A ver- 
satile, self-contained unit which provides a wide range of recurrent square wave pulses of 
variable duration, and also single impulse of variable duration, continuous d.c. stimulation up 
to 10 seconds duration, and a polarity reversing switch for use in physiological, pharmacologi- 
cal and biological tests in both educational and research laboratories. 


Variable Pulse Duration. Pointer is adjustable from .05 to 50 milliseconds (+ 10%) to provide any 
one of the following ten values, 0.05, 0.1, 0.2, 0.5, 1, 2, 5, 10, 20 and 50 milliseconds, making it suitable for 
determining both rheobase and chronaxie, i.e. the minimal voltage required for stimulation and the mini- 
mal time for stimulation with voltage twice the intensity of the rheobase. 


Maximum Output, or stimulus amplitude, is 150 volts with terminal load of 10,000 ohms. The polarity 
of the output is reversible by means of a toggle switch in the lower right-hand corner of the front panel. 

Stimulus Frequency. Variable from 1 to 240 cycles per second, providing frequencies of 1, 2, 3, 5, 7, 
10, 20, 60, 120, 240, accurate within + 10%, and reproducible within + 2%. Single impulses are 
possible by depressing the lever which controls the multiple pulse circuits. The duration of the single pulse 
so provided is adjusted by setting the “Pulse Duration” dial. For more extended single pulse requirements, 
a “D.C.” knob operates a switch which, when depressed, provides a continuous stimulus which should not 
exceed 10 seconds. Frequency can be changed without affecting the wave form. 

Additional Outputs. Terminals are provided at left of panel for attachment to a Cathode-Ray Oscil- 
loscope for synchronized observation of reaction time. Terminals at right of panel provide for attachment 
of a signal magnet of 3 ohms or more. 

“a In metal cabinet finished in smooth gray Hammertone enamel, 14 inches long x 8 inches wide x 8 inches 
igh. 


8099-E. Electronic Stimulator, Square Wave, Variable Pulse, A.E.L. No. 751, as above described, complete with 5 ft. connectin 
cord and plug, and directions for use. Power consumption 50 watts. For 115 volts, 50 or 60 cycles, a.c. .... 125. 06 
5% discount in lots of 3; 10% discount in lots of 6. 


More detailed information sent upon request. 


ARTHUR H. THOMAS COMPANY 


LABORATORY APPARATUS AND REAGENTS 


WEST WASHINGTON SQUARE 
PHILADELPHIA 5, PA. 
Teletype Services: Western Union WUX and Bell System PH-72 
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1 NEW IN PRINCIPLE... SUPERIOR IN PERFORMANCE! 


THE SANITARY 
LEAK-PROOF PUMP 
AND HOMOGENIZER 


@ LABORATORIES @ LUBRICANTS @ CONFECTIONS 
PHARMACEUTICALS PILOT PLANTS e@ CORROSIVES 

e@ CHEMICALS ABRASIVES MANY OTHER 
COSMETICS FOODS CATEGORIES 

@ SOAPS @ DAIRY PRODUCTS 


Radically different from other Homo- 
genizers, the HYDROPULSE involves a 
combination of hydraulic components and 
a method of construction that makes it the 
most sanitary high pressure pump ever 
designed. 

No packing boxes or porous leather to 
contaminate. No cylinders to score . . 
no pistons or packings to wear. No sewer 
connections required. No water from 
sprays or seals to be sucked into products. 
Head hermetically sealed. Hydraulic cylin- 
der submerged in oil. 


Pump head, ball valves and seats are 
made of stainless steel . . . all parts 
subject to wear are constructed of heat- 
treated alloys. 


IT 1S LEAK-PROOF 
Complete separation exists between the 
mechanism and material processed. Pump 
can be taken apart, cleaned and reas- 
sembled in ten minutes. It may be easily 
sterilized. 


GET THE FACTS ABOUT 
THE HYDROPULSE 
Get the jump on competition by homo- 
genizing your product. Write for litera- 
ture describing the HYDROPULSE and 
get our offer to process samples for your 
inspection—F REE. 


PIONEER DIVISION 
SCOTT & WILLIAMS 


Model 1LB2S 2 HP EMPIRE STATE BUILDING — 
3000 ibs. psi . . . 50 GPH NEW YORK 1 NEW YORK 
Processes quantities as small as 500 cc 
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acts Infrared 


CRITERIA OF INFRARED INSTRUMENTATION 


Performance: An infrared spectrometer should provide high spectral resolution and fast, 
accurate recording at maximum signal-to-noise ratio. High spectral resolution demands 
aberration-free optics—aspheric if necessary. Maximum signal demands a high-aperture 
monochromator. Minimum noise demands an efficient detector and a simple stable ampli- 
fier operating at Johnson noise limit. 


Flexibility: An infrared spectrometer should provide flexible performance to meet the en- 
tire range of chemical application. Flexibility requires full control range for all operating 
variables, simple prism interchange, and a wide range of reasonably-priced sampling acces- 
sories, directly introduced into an accessible sample space. 

Such design features are available only in Perkin-Elmer ‘infrared spectrometers—the 
most widely used instruments in infrared work.* 


Compare these features of Perkin-Elmer instruments with other equipment 


THE MODEL 112 
1. Effective £/4.5 monochromator with off-axis paraboloid. 


2. Catye double pass feature which doubles dispersion and 
false rodicti 


3. Sep h for special studies. Accessories 
for work in any spectral range. 


4. Open accessible space for direct introduction of all som- 
pling accessories. 


5. Double thermostatting for stable accurate performance. 
6. Self-contained mobile cabinet. 
7. Sampling down to 25 microgroms. 

Request Bulletin 102 for complete details. 


104 ammonia band shows high resolution of Model 112. 


*An analysis of infrored 
ished 1950 in Ano! 
dy 
ical Society 
} — 4. Chemical 
Physics showed that Perkin 
Elmer 


Leading monulacturers of Infrared Spectrometers, Continuous Infrared Anolyzer, Universal Mono- 
chromotor, Flame Ph Tiselivs 


Apporotus, D.C. Amplifiers, and other electro- 


were 
more than all other makes 
combined. 


optical instruments for onolysis ond reseorch. 


THE MODEL 21 
1. Effective #/4.5 monochromator with off-axis paraboloid. 


2. Simultaneous double beam comparison for instant study 
under any condition. The use of an identical sample cell, 
as in the memory principle, is valid only for infrequent 
cases of gas and dilute solution study. 


3. Resoluti hedules independent of solvent or ambient 
conditions. 

4. Highest recording speeds. 

5. Minimum space and service requirements. 

6. Prog d length or b di 


7. Sampling occessories for all classes of problems. 
Complete details on request. 


Polystyrene spectrum recorded in 8 minutes. 


THE PERKIN-ELMER CORPORATION, NORWALK, CONN. 
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Twin-Viso 
Cardiette 


Viso Recorder 


Poly-Viso 
Cordiette 


Although the direct-writing Viso-Cardiette 
was introduced, and completely accepted, as a clinical 
electrocardiograph, the eyes of other fields — research, for 
example — were soon turned to the surplus of its clinical 
recording characteristics, and the wide range of its potentialities. 
Research had been asking also for an instrument that would 
record more than one phenomena simultaneously, and do so via 
the same basic design advantages of the then already popular Viso- 
Cardiette. In answer, Sanborn engineers multiplied the Viso-Cardiette 
by four, so to speak, and came up with the four-channel Poly-Viso Cardiette— 
soon to follow it, in the same manner, with the two-channel Twin-Viso Cardiette. 
There were also those who wanted a less elaborate instrument 
than the Viso in that they had no need for ’cardiography, but desired all 
the recording advantages of a one-channel system. And so, the lower cost 
Viso-Recorder was designed. 
Nor was this imposing array of Sanborn recording systems long to 
go unrecognized in the field of Industry where many recording problems 
are now being solved “the Viso way.” 
Taken as a common denominator of all the various 
Viso models in use today (both medical and industrial), 
one-channel Sanborn systems now total nearly 20,000. 
Yes, the Viso-Cardiette really started something! 


Further information and descriptive literature 
on the Viso-Cardiette, or Sanborn one-, two-, or 
four-channel recording systems will gladly be 


cunt on "CAMBRIDGE 39, MASSACHUSETTS 


Makers of Electrocardiographs Since 1924 
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Micro-probes, scalpels, needles and other tools made to exact specifications 


de Fonbrune Micromanipulator 
Uniform p ati. 


The de Fonbrune micro- 
manipulator, manufactured 
under exclusive license to 
French patents, is equally 
suitable for biological or clin- 
ical technics. Consists of 
manipulator and receiver; 
may be used with any type of 
microscope; arranged for 
right- or left-hand operation. 
Within a range of 3 mm the 
micro-tool is moved by single 
control lever. Ratio of dis- 
placement between lever and 
micro-tool may be adjusted 
from 1:50 to 1:2,500. 


The improved de Fonbrune micro-forge with stereo- 
scopic microscope is an indispensable accessory for all 
types of micromanipulators. With it, micro-pipettes, 
micro-scalpels and other micro-instruments may be fabri- 
cated under controlled conditions. Little practice is 
necessary to acquire manipulating skill. Availability of 
standard and special micro-tools is a genuine advantage in 
utilizing the full potentialities of the micromanipulator. 
The micro-forge is a combination of optical and electric 
forge units. The stereoscopic microscope provides an 
erect image; has 4X paired objectives and 9X paired wide- 
field eyepieces, providing a magnification of 36X. Elec- 
trical forge is mounted on an adjustable stage directly in 
front of microscope objectives. Two insulated clamps 
support electrodes connected by a platinum-iridium fila- 
ment, providing temperatures from about 120° F. to 3000° 
F. Air jets are mounted on stage. Lamp housing is set 
opposite objective and forge unit. A pivoting support for 
material is mounted at periphery of a disc in front of lamp 
housing. Both spindle and disc may be rotated about their 
own axes and the entire assembly adjusted vertically or 
horizontally. Controls are provided for adjusting light to 
objective. A detailed manual of instructions is furnished 
with each micro-forge. Accessory equipment including 
air pump, rheostats, and transformer is 
contained in the base. 


Write for prices and descriptive 
bulletin T114 


DIVISION OF THE A. S. ALOE COMPANY 
5655 Kingsbury © St, Louis 12, Missouri 
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AIR ENGINEERING EQUIPMENT 


NIAGARA HIGH PRECISION 
AIR CONDITIONERS 


Complete function air conditioning for the most exacting 


| 


duty, producing any condition in the range 40°F to 140°F. 
Provides air at saturation. Provides, also, sub-freezing dew 
point temperatures when Niagara “No Frost” Liquid is used 
in the spray chamber. 


Accurate Humidity Control 
Using Hygrol Absorbent Liquid 


Low dew points under accurate and automatic control are 
produced } spraying Hygrol Liquid absorbent in the air 
stream. Hygrol is a liquid, not a salt solution; its use avoids 
corrosion and maintenance troubles. Automatic reconcentra- 
tion provides continuous operation. 


NIAGARA "NO FROST” METHOD 


For refrigeration with control of temperatures and humidity 
with complete freedom from frost and defrosting interrup- 
tion and sustained full capacity in temperature ranges 32°F 
to minus 100°F. Uses Niagara “No Frost” Liquid automa- 
tically reconcentrated. 


NIAGARA AERO HEAT 
EXCHANGERS 


For the cooling and accurate control of temperatures of 
liquids and gases, without refrigeration and independent 
of a supply of cooling water, in the range 160°F down to 
85°F at 75°F. Wet Bulb Atmospheric Temperature. 


, 


Air Conditioner 


Vapor Condenser 


Independent of a supply of condensing water. Takes ad- 
vantage of changes in atmospheric wet bulb temperature to 
maintain a high vacuum. Successfully applied to distillate 
and reflux cooling, also, refrigerant condensers. 


Aero After Cooler 


independent of wane water supply. Produces com- 
pressed air or gas with lower moisture content than is pos- 4 
sible with average surface water cooling. Vapor Condensers 


Write for bulletins describing the uses of these and other Niagara units and for physical and 
engineering data. Your inquiry is asked on matters involving equipment in the fields of heat 
transfer and air engineering and for laboratory air conditioning. 


NIAGARA BLOWER COMPANY, Dept. SW, 405 Lexington Ave., New York 17, N. Y. 
Field Engineers in Principal Cities 


October 3, 1952 ll 
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standard Press 


Pressing Saps, Juices, 
Extracts 
Press out Spent 
Extractions 
Pressing Mother Liquors 
from Crystals 
Pressing out Vaccines 
ond Viruses 
Pressing Bacteria 
Pressing Fluids from 
Animal Tissue 
Pressing Concentrated 
Extracts 
Plastic Molding, 
Forming, Blocking 
Flow Tests 
Extrusion and 
Extrusion Tests 
Metallographic 
Mounting 
Briquetting, 
Cake Forming 
Compression Tests 
Laminating and 
Vulcanizing 


Some of the Many Gener 


ing Tests 

Breaking 

tor General Research shewing Tests 


Separating Liquids and 


pressure Filtering of Truck Flats 


an Fish 
Pressing out Animal 

stearines and 
of i, and 


pressing Wax trom Minera! 
a Scale Tests 


for Quick— Accurate — Sma! 


al 


Whenever Pressing is Required 
in the Biological, Physical or 
Chemical Laboratory... 


This small, powerful, completely self contained hydraulic 
press produces controlled pressures up to 20,000 Ibs.; tem- 
peratures to 400°F. Interchangeable Carver standard 
accessories, available for optional use, provide means for 
pressing numerous materials to meet particular requirements. 


Available for immediate shipment. 


Newly published Manuol illustrates and describes 
the latest edition of the Press and its applications. 
Send for your copy now. 


FRED S. CARVER INC. 


HYDRAULIC EQUIPMENT-———-————— 


9 CHATHAM ROAD, SUMMIT, N. J. 
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THE CARVER LABORATORY PRESS 
: 
AS 
CSena for Complete New Catalog 
a 
4 olf. 
— 
Send new, fully illustrated catalog describing the Carver Press, its Standard Accessories and numerous uses. 
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Razor Blade Holder for 
Standard Microtome 
Standard Model Minot 


_ Rotary Microtome 


ULTRA-THIN 


SECTIONING MICROTOME 


THE INTERNATIONAL ULTRA-THIN 
SECTIONING MICROTOME is the first 
complete instrument developed particularly for 
cutting sections in the ultra-thin range. Designed 
to meet the exacting requirements of the electron 
microscopist, it is equipped with a high precision 
worm gear reduction feeding mechanism de- 
signed to advance the specimen in increments 
of !40 micron and to permit the selection of 
thickness from !40 to 1 micron. Also available 
is a special holder for methacrylate embedded 
specimens and a glass knife holder. For a dis- 
cussion of the effectiveness of this instrument 
and the technique used see “Development and 
Use of the Minot Rotary Microtome for Thin 
Sectioning” by Geren & McCulloch, Experi- 
mental Cell Research, February, 1951. 


THE INTERNATIONAL MINOT RO- 
TARY MICROTOME, STANDARD 
MODEL, basically the same instrument as de- 
scribed above, but designed for the rapid routine 


INTERNATIONAL EQUIPMENT CO. 
1284 SOLDIERS FIELD ROAD, BOSTON 35, MASS. 


October 3, 1952 


serial sectioning of paraffin-embedded specimens. 
Extremely accurate in construction, it is equipped 
with a feeding mechanism permitting sectioning 
in any desired thickness from 2 microns to 16 
microns, in increments of 2 microns. The excel- 
lent design and precision construction of this in- 
strument are attested by the fact that they form the 
basic design of the Ultra-thin Sectioning Model. 
INTERNATIONAL SAFETY RAZOR 
BLADE HOLDER. In addition to the standard 
Microtome knives currently available, the Inter- 
national Standard Model Microtome will also 
accommodate this Safety Razor Blade Holder. 
Excellent for routine sectioning, it holds the 
standard Gillette type Microtome blades and 
eliminates bothersome honing of knives. Fur- 
nished complete with screw driver, extra screws, 
ten blades and leather-bound box. 

Prompt shipment on all items from your Labora- 
tory Apparatus Supply Dealer. Write us for 
descriptive Bulletin and Article Reprints. 


“uh RY | 
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| 
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... another reason to select 


FISHER 
FURNITURE 


YOUR LABORATORY 


These ready-made stock units, long 
favored for completely equipping any 
size, shape or type of laboratory, now 
offer a choice of three tops to meet 
your exact needs. In addition to Kem- 
rock or Formica, you can now get 
Fisher Unitized Furniture with non- 
corrosive, durable, easily-cleaned, 
stainless steel tops. Contact Fisher 
today about this easily-assembled fur- 
niture that provides custom-made re- 
sults with pre-fabricated convenience. 


SEND FOR FREE 


PLANNING BOOKLET 


/ SELECT FROM 21 BASIC UNITS 


TO MEET YOUR NEEDS 
... GET THEM FROM STOCK 
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NEW YORK 
WASHINGTON MONTREAL TORONTO 


717 Forbes St., Pittsburgh 19, Pa. 
Complete Laboratory Supply Stocks at: 


PITTSBURGH ST. LOUIS 
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Rapid 
preparation 


with the Spinco Model L 


ULTRACENTRIFUGE 


162 mi-40,000 rpm 


REFRIGERATED 
AES RIGERATEI 


FULLY-AUTOMATIC features make the Spinco 
ModelL Preparative Ultracentrifuge operationally 
self-supervising. Simple speed- and time-controls 
are preset by operator and electronic unit brings 
rotor to speed, times run, and decelerates with 
smoothly operating automatic brake. 

Various sizes and types of interchangeable rotors 
mount in operating chamber with instantaneous 
coupling. Time between runs, using pre-loaded ro- 
tors, is less than a minute. Speed and vacuum are 
established almost simultaneously. Acceleration 
time for the 40,000-rpm rotor is only four minutes. 


SAFETY FEATURES include automatic overspeed 
cutout; interlocks to prevent running at high 
speeds without vacuum in chamber and prevent 
breaking vacuum or opening chamber while run- 
ning at high speeds. Rotor chamber is encased in 
thick double steel guard. 


SPECIALIZED INSTRUMENTS CORPORATION 
605 O’NEILL AVE + BELMONT, CALIFORNIA 


October 3, 1952 


UNIT IS SELF-CONTAINED, of worktable 


height, and requires only electric connection 
for installation. Spinco electric drive and 
gearing system are of types proved in more 
than 100,000 hours of actual field operation. 
Self-balancing feature eliminates weighing of 
loaded tubes. Controllable refrigeration holds 
rotors and contents at any temperature down 
to C. 


In operation, the Model L applies forces 
up to 144,000 times gravity on 162 ml of 
material at a maximum speed of 40,000 rpm. 
Individual rotor tubes have sealing caps—are 
available in plastic or metal. Rotors provide 
second vacuum seal in quickly-detachable 
cover with integral lifting device. Wide selec- 
tion of rotors is available with largest holding 
1700 ml— 


Send for 
details 
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The Personal Calculator 
for the Scientist! 


ATOR 


the famed ORIGINAL-ODHNER—that gives COMPLETE com- 
putations without the expense of costlier automatics. 
Small, compact, versatile ORIGINAL-ODHNERS can be relied 
upon for everlasting service and accuracy. They fill every 
laboratory calculating need—yet require barest minimum of 
service. Six smoother operating, sensibly priced models are 
ay for you. ORIGINAL-ODHNER: “The Machine to Count 
in.” 


@ Easier to Use Lever Settings 
e@ Back Transfer Device for Speedier Calculations 
@ Precision Components Throughout 


Write for VALUABLE FREE BULLETIN EO-103 


inc. 


210 FIFTH AVENUE, NEW YORK 10, N. Y. 


Scientists in labs the world 
over hail the Mighty Mite | 
of Calculating Machines: | 


ELECTRODYNE STIMULATORS 


for reliable operation and economy 
Hundreds now used for physiological 
and pharmacological research and stu- 
dent instruction. Student Model +461, 
Research Model +463-D. Prompt de- 
livery. Write for folder and prices. 


The Electrodyne Company 
32 Oliver Street, Boston 10, Mass. 


NOW IT'S EASY! 


LEARN ANOTHER LANGUAGE 


_ IN YOUR OWN HOME 


with NATIVE SPEAKERS 


Yes, you too can learn to speak a foreign lan On Long-Playing 

guage like a native—faster, more easily than or 78 RP 

you ever dreamed possible—with the amazingly Vinylite Records 

successful books and records originally developed 

for the U. 8. Govt. and State Dept. Already oe, 

used and endorsed by thousands of schools and @ ITALIAN 

colleges, business firms and home students! @ CERMAN 
DOUBLE TRAVEL ENJOYMENT AND @ RUSSIAN 

' 

The Holt SPOKEN LANGUAGE Courses start 

you speaking immediately—-with accurate pro- 

nuneciation, natural inflection. You simply = 

listen to native speakers—and then repeat, 


building your command of the language from 
simple practical phrases to fluent and natural 
conversations. You learn to speak like a native 
with a native! 
WRITE FOR FREE BOOKLET 

and discover how you, too, can learn a foreign 
language easily at a fraction of the cost you 
would pay for a tutor or language class. 


HOLT SPOKEN LANGUAGE COURSES 


1 HENRY HOLT & CO., Dept. N-1 ! 
| 383 Madison Ave., New York 17, WN. Y. | 
| Please send me, without obligation, the free illustrated booklet | 


describing the famous Holt Spoken Language Courses. 

Address 

a City, Zone, State 
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PAPER PARTITION 


CHROMATOGRAPHY 
EQUIPMENT 


A new and more 
complete line of paper 
chromatographic 
equipment, 

carefully engineered 

for use in this new 
field of analysis. 


Also Available: 
@New Chromatocab 
odels 
@ Strip Suspension Racks 
(stainless steel or 
glass) 
@ Electronic densitometers 


@ Ultraviolet Lamps (long 
and short wave-length) 

@ Indicator Sprays 

@ Disc Chambers 

@ Solvent Troughs & As- 
semblies 

@ Micro Pipets = 

@ Clips 


CHROMATOGRAPHY DRYING OVEN 
Write for Catalog 


RESEARCH EQUIPMENT CORPORATION 


Manufacturers 
Dept. S, 1135 Third Street, Oakland 20, California 
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PROJECTORS MAKE 
™ LEARNING MORE INTERESTING... 
TEACHING MORE EFFECTIVE 


MASTER VU-GRAPH 
for overhead, daylight, 
transparency projection 


Win the VU-GRAPH you can 
fully lighted room, pacing your 
audience attention. In addition, you ca 
psychological advantage made possible 
progressive disclosures, overlays, and actua 
ing models. And with the roll attachmen 

crayon, you can write spontancous notes, or, if 
desired, prepare an entire lecture in advance. 


ial attachments available for projecting 
d 2 x 2 slides and also 35 mm. film 
MASTER VU-GRAPH the most 
for graphic presen- 


Bescle’ NU-LYTE 


for projecting opaqve moterials 


of instruction 
Maes. diagrams, illustrations, and text can be pro- 
i i m without need for 


ders. The Vacumatic* Platen 
t flutter, 


Without leaving the VU-LYTE, you can direct 

jal attention to salient features by the exclusive, 
jection Pointer, which throws a 

any part of the screen. 


built-in Pointext Pro 
movable arrow of light on 

The Beseler VU-LYTE is the most versatile, con 
venient, and efficient opaque projector ever produced. 


Learn how these 
t two proj 
describing these and 
= ids in detail will be sent on r — 
ree demonstration arrauged 
wn projection room. 4 
tPatented 


VEN 
CH 
ARLES c 
ake r Avenue, Newark & 
gest Manufacturer of Opaque P ae 

rejection Equipment 
116 October 3, 1952 
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3% x 
strips 
1 flexible medium 
tation by projected transparencies. 
jected in & Parton: 
mounting oF special hol 
holds single sheets UP to 
and the Feed-O-Matic* Conveyor automatically feeds 
in iects the old as the lesson proceeds. 
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It offers these 
important advantages: 


1. Uniform formula. ingredients used in 

the making of Purina Rabbit Chow are 2. Proper Nutritional Blend. Blended 
tested for uniformity and nutritional qual- 
ity. This is important for experimental 
work requiring a uniform dietary history 
through several generations. 


into Purina Rabbit Chow are the known 
food essentials for rabbit health and vigor 
«+. providing good condition for your ex- 
perimental work. 


Purina Rabbit Chow from the Purina Dealer 
re) vegetables ... no mixing ... just seer you... the the 
feed Purina Rabbit Chow Checkers and RALSTON PURINA COMPANY 


— St. Louis 2, Missouri 


ELECTROPHORESIS-SCHLIEREN APPARATUS 


complete multi-purpose units for... 


18 


lysi Macro- rative work 
Adsorpti h tography Industrial process control 
Electroph i h & analysis Diffusion G turbidity measurements 


Mechanical dialysis 


Both models of Aminco Electrophoresis Apparatus constitute 
complete electrophoresis laboratories in single, compact units. 
They incorporate precise schlieren optics in an air-conditioned 
space, automatic integral refrigeration system, built-in line- 
voltage-regulated and current-stabilized high-voltage power 
supply, rapid internal dialysis facilities, and temperature-regu- 
lated water bath. 


Aminco-Stern universal re- Aminco portable model for 


search model for large out- routine research and clini- 
put and a wide variety of 
sample volumes. 

BULLETIN 2175-K BULLETIN 2281-K 


AMERICAN INSTRUMENT COMPANY, INC. 
Silver Spring, Maryland « In Metropolitan Washington, D. C. 


cal use on a smaller scale. 
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FILTER PAPERS 


CELLULOSE POWDER F 


Chromatographic separations by means of 
Filter Paper and Cellulose Powder are becom- 
ing more routine with every passing day. No 
technique in analytical chemistry in recent 
years has evoked wider interest and enthusi- 
asm among workers in fields as widely diver- 
gent as the separation of uranium isotopes and 
the analysis of mixtures of amino acids. 


WHATMAN Filter Papers have been used in 
this important field since the beginning, in 
fact some of the earliest published works 
recommend the use of WHATMAN Filter 
Paper No. 1. When a more porous paper was 
required No. 4 was used and later, when a 
thicker paper with a smooth surface was re- 


quired No. 3 MM was developed. 
The WHATMAN Ashless Papers Nos. 40 


to 44 inclusive have also found favor in analy- 
ses where the absence of metallic ions is essen- 
tial while the hardened grades Nos. 50, 52 
and 54 have been employed for selected deter- 


minations. 


WHATMAN Cellulose Powder was devel- 
oped for column chromatography to supple- 


n 


OR CHROMATOGRAPHY 


d 


ment starch, alumina and other powders. This 
Powder is available in two qualities the Ash- 
less Grade prepared from pulp washed in Hy- 
drochloric and Hydrofluoric Acids and the “B” 
Grade made from unwashed pulp. Both quali- 
ties are available in tins containing 500 grams 
each. 


All WHATMAN Filter Papers are available 
in circles of standard sizes and in sheets of al- 
most any size required. The standard size of 
sheets is eighteen and one quarter by twenty- 
two and one half inches and the standard pack- 
ing in reams of five hundred sheets and pack- 
ages of one hundred sheets each. 


In addition many grades can be supplied in 
rolls of various widths and lengths. We regu- 
larly stock No. 1 in rolls six hundred feet long 
and one half inch, one inch and one and one 
half inches wide. 


WHATMAN products are supplied through 
all dealers in laboratory supplies but should 
you wish any information or samples please 
communicate directly with us. 


H. REEVE ANGEL & CO., INC. 


52 DUANE ST. 


October 3, 1952 
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LIST 2 
(see Science, Sept. 5, 1952 for List 1) 


NEW PRODUCTS 


DL-O-Methylserine 
Acetyl-DL-proline 


DL-Serine — New low prices 
Amino acid derivatives 


(benzoyl, carbobenzoxy and phthaloyl) 


(CHEMICAL CO.. LTD. SANTA MONICA, CALIFORNIAY 


Nyssco “IDEAL FLOWER” Model 


Made of Nyssco 
“Everlasting” Rubber Composition 
dissectible model of a typical 

dicotyledonous flower, showing many special fea- 
tures that have never before been incorporated in a 
model of this kind. In addition to the usual struc- 
tures of petals, sepals, anthers, pistil, etc., the follow- 
ing reproductive processes are presented: 

(a) Two interchangeable pistils showing three stages of 


ollination, and two stages of fertilization in the em- 
ryo sac. 

(b) One anther entire, and three hemisected to show three 
stages in pollen formation: 
(1) Sporogenous tissue formation 
(2) Spore tetrad formation 
(3) Formation of two pollen chambers with mature pollen 

grains. 


N° other model available shows so many essential and 
distinctive features, As the originators of biological 
models made of rubber composition, with years of ex- 
perience, we guarantee a product unsurpassed for 
quality of material, workmanship, and scientific ac- 
curacy. 

PRICE: Fully colored, size 19” x 16%” $59.50 


Ask for Cat. No. 7J-Biological Models and Charts 


est. 1919 


NEW YORK SCIENTIFIC SUPPLY CO., Inc. 


28 West 30th Street ©cncral Supplies for Biology and Chemistry New York a N. Y. 
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Accurate 
Dependable 


Versatile 


for the procedures of 
WARBURG, 
SUMMERSON, 
BARCROFT, 
DIXON-KEILIN, 
DICKENS, 
DICKENS-SIMER, 
GREVILLE, 
DIXON-ELLIOTT, 
ETC. 


* This is just one of 
over 15,000 items in 
the Cenco line. 


cence 
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PRECISION -Warburg” 
MANOMETRICON 


This unit is designed for use in numerous procedures such 
as measuring blood gases and investigating reactions of 
hemoglobin; measuring respiratory exchange in yeast, 
bacteria, spores, etc.; measuring lactic acid production in 
normal and tumorous tissues; and many others. 

The Manometricon is an especially compact machine and 
is designed for simple operation and accurate results. Con- 
trols and mechanical action are easily adjusted and con- 
struction is exceptionally sturdy. A constant temperature 
bath of 25 gallons is provided having a temperature range 
from 21° to 60° C. The unit accommodates 20 standard 
Warburg manometers or 10 Summerson differential 
manometers. 

A refrigeration unit is also available providing a tem- 

rature range of 10° C. to 50° C., plus or minus 0.05° C. 

his unit is housed in a cabinet which forms a base for 
the Manometricon. 

Write for illustrated bulletin containing full details. 


CENTRAL SCIENTIFIC COMPANY 
1700 IRVING PARK ROAD ° CHICAGO 13, ILLINOIS 
CHICAGO NEWARK BOSTON WASHINGTON DETROIT SAN FRANCISCO 
SANTA CLARA LOS ANGELES TORONTO MONTREAL VANCOUVER OTTAWA 


Refinery Supply company Houston 
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$-3 STIMULATOR: A low cost rectangular wave stimulator for 
student and laborato: y use. The frequency, pulse width and out- 
put voltages are independently controllable in definite continuous 
steps. The repetition rate ranges from .5 cycles/sec. to 200 
cycles/sec.; with a single stimulus switch for manually obtaining 
lower repetition rates. The pulse width is variable from .1 to 3 
milli-seconds; voltage output from 0-1, 0-5 and 0-70 volts. A 
binding post for external triggering is also. provided. Signal mag- 
net connection also provided. Cabinet size—12” x 7” x 8”. Opera- 
tion — 115 volts, 60 cycles. 

Price $139.50 


PA-1 PRE-AMPLIFIER: A moderately priced 
pre-amplifier with excellent, stable character- 

istics. Designed primarily to be used with a stimulator for picking 
up and amplifying action potentials, its characteristics adapt it for 
many uses where a good pre-amplifier is required. It will amplify 
voltages in the range of % to 15,000 CPS. It is a four stage battery 
powered amplifier, and can be operated single ended or push pull 
in either the input or output stage. The first three stages are ca- 
pacity coupled with an input impedance of 10 megohms push pull 
or 5 megohms single ended. Direct coupling is used to the output 
stage which is the cathode follower type, thus improving its fre- 
quency response and providing good impedance matching at the 
output terminals. The gain of this unit is approximately 3500, and 


- its rejection ratio of 10,000/1 assures minimum disturbance from 


ba i interference. Calibrating voltages from 5-1000 microvolts in 8 
CO., INC. - HAMDEN, CONN. 


steps are provided. Cabinet size: 12” x 7” x 8”. Price $150.00 
BIO-ELECTRONICS DIVISION 


Ribonuclease - Carboxypeptidase - Chymotrypsin 
Edestin-Soybean Trypsin Inhibitor- Catalase-Histone 
Pepsin Ovalbumin 


TRYPSIN 


2 x crystallized 


HYALURONIDASE HYALURONIC ACID 
100-200 TRU/mg. and 350-450 TRU/mg. highly polymerized-Human Umbilical Cord 


DESOXYRIBONUCLEASE DESOXYRIBONUCLEIC ACID 


1 x cryst. Kunitz, M., J. Gen. Physiol. highly polymerized 
33, 349 (1950) 


WORTHINGTON BIOCHEMICAL SALES CO. 


FREEHOLD, NEW JERSEY 
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LABORATORY AND RESEARCH MICROSCOPE 
OF HIGHEST PRECISION 


MODEL W 


\ \ 
ne 


= 


Truly the most COMPLETE and VERSATILE microscope of its kind. 


In fact, there is so much to say about this magnificent new instrument, 
that only a booklet can begin to list its many features and advantages. 


You are invited to write for your free copy immediately . . . and learn 
why we take justifiable pride in presenting the new ZEISS-OPTON 
LABORATORY and RESEARCH MICROSCOPE MODEL W. 


Write for free, detailed specifications 


CARL ZEISS, INC. . 485 Fitth Avenue, New York 17, N. Y. 


Guaranteed uninterrupted repair service 
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If you can see it 

with your microscope, 
you can photograph it... 
with the 


BAUSCH & LOMB 


35mm camera on B&L Model 
EDN Research Microscope 


EYEPIECE CAMERA 


24 


Photograph what you want... whenever you want... with your micro- 
scope! You’ve got your own low-cost photomicrographic department 
at your fingertips with the efficient new Bausch & Lomb Eyepiece 
Camera. Viewing head and camera fit microscope eyepiece tube .. . 
enable you to make your own transparencies, projection slides, work- 
in-progress records. 


®@ Choice of cameras 


35mm roll film unit 
2%" x 3%” film pack or cut film 
unit 
®@ Color and black and white 
@ Simultaneous focus of visual and film 
images provides top quality 


WRITE for demonstration and com- 
plete information. Bausch & Lomb 
Optical Company, 642-31 St. Paul St., 
Rochester 2, N. Y. 


2%" x 3%" camera on B&L 
Model E Research Microscope 
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Adiabatic Demagnetization and the 
Temperature Scale Below 1° K 


D. de Klerk* 
Cryogenics Section, National Bureau of Standards, Washington, D. C. 


HE QUESTION of what is a “low” tem- 

perature has been answered differently at 

different times. In the days when air was 

liquefied for the first time by Cailletet and 
Pictet, temperatures of 50°-90° K were considered 
extremely low. At present, however, since the Collins 
liquefier has made it possible for relatively inexperi- 
enced people to liquefy helium in reasonable quanti- 
ties, few eryogenies physicists would consider the tem- 
perature of liquid hydrogen (20°-14° K) as being low. 
The boiling point of liquid helium is 4.2° K, and by 
reducing its vapor pressure the temperature can be 
conveniently reduced to 1° K. (This depends largely 
on the construction of the cryostat containing the 
liquid helium and on the capacity of the reducing 
pump. Under practical circumstances it varies be- 
tween 1.5° and 0.7° K, but 1° K is a good average, 
and as a matter of convenience we shall call this the 
“lowest helium temperature”.) 

The region below 1° K at the present time con- 
sidered “very low temperature,” can now only be 
penetrated by the method of adiabatic demagnetiza- 
tion of paramagnetic salts. This method was pro- 
posed in 1926 independently by Giauque and by 
Debye. The first experiments were made at Berkeley, 
Leiden, and Oxford. The technique, now used in 
many of the European and American low tempera- 
ture laboratories, consists of an isothermal magneti- 
zation of the salt, followed by an adiabatic demag- 
netization. 

Consider a substance which contains magnetic ions 
in its crystalline lattice. When it is placed between 
the poles of a magnet, the ions are partly aligned by 
the field in such a way that equilibrium is established 
between the aligning force of the field and the dis- 
turbing force of the thermal vibrations of the crys- 
talline lattice. Strictly speaking, this is true only if 
no other forces are working on the ions, such as 
magnetic or exchange interaction between the ions, 
or Stark effects resulting from nonmagnetic parts of 
the lattice. The total magnetic moment of the sub- 
stance will be higher, the stronger the magnetic field 
and the lower the temperature. This again may not 
be true if strong interactions occur between the mag- 
netic ions. Since an alignment of the magnetic ions 
increases the amount of order in the substance, an 


1On leave from the Kamerlingh Onnes Laboratory, Uni- 
versity of Leiden, Holland. 
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isothermal magnetization of a paramagnetic salt di- 
minishes its entropy, with a consequent flow of 
heat from the sample. If, after the isothermal mag- 
netization, the substance is removed from the field 
adiabatically, the entropy remains constant at this 
low value, assuming that the demagnetization is a 
reversible process. Thus a state is finally obtained in 
zero field with a lower entropy than that of the 
initial state. This means that the temperature is 
lower. 

The demagnetization process can be discussed most 
easily with the help of some thermodynamics. From 
the laws of thermodynamics, applied to a paramag- 
netic substance in a magnetic field, we can derive 
(assuming again that the magnetic ions are free and 
independent, which proves to be equivalent to the 
condition that M is a funetion of H/T): 

Td8S =c¢ydT -HdM. (1) 

Here cy is the specific heat at constant magnetic 
moment, H is the magnetic field, and M the magnetic 
moment. The salt is magnetized isothermally at an 
initial temperature 7; (essentially the lowest helium 
temperature) to a field H,, then demagnetized to zero 
field obtaining a final temperature T,. So we ean con- 
sider three states of the salt: 

The initial state (0, 7,) 

The state in the field (H,, T,) 

The final state (0, T;) 
The decrease of entropy during the isothermal mag- 
netization according to (1) is equal to 


8(0,7T,) -S(H,,T,) = 


(2) 


H 
T 

The demagnetization is an isentropie process, so 
S(H;,7;) -8(0,T;) =9. (3) 

From (2) and (3) it follows: 
M(H,, f, 
T,) -8(0, T;) = (4) 
0. 


Since (0, 7;) and (0, 7,) are both situations in zero 
magnetic field we also have 


S(0,7,) —S(0,T;) = (5) 


¢) being the specific heat in zero magnetic field. From 
(4) and (5) it follows 
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ee 


M(H,, T;) f, 
0 Tr 


From this equation it follows that adiabatic demag- 
netization decreases temperature, for, if M increases 
with inereasing H/T, the left-hand integral is posi- 
tive, so, since cy is positive, 7, must be lower than 77. 

One of the fundamental problems is the determina- 
tion of 7;, the final temperature. If at the initial tem- 
perature the relation between M, H, and T is known, 
the left-hand integral of (6) can be solved, and the 
decrease of entropy during the isothermal magnetiza- 
tion (2) can be caleulated. If in the region below 
1° K the dependence of c, on temperature is known, 
we can also solve the right-hand integral, and we ean 
ealeulate 7, for given initial values H; and T;. 

In most practical cases the functional dependence of 
M on H and T at T; is actually known, either from 
experiment or from theoretical considerations (for 
instance, often a Brillouin function represents the 
magnetic behavior of the salt in a satisfactory way), 
so the decrease of entropy in the initial field can be 
ealeulated with reasonable precision. The relation be- 
tween c, and 7 below 1° K is not known a priori, so 
that, in general, predictions of final temperatures 
based on Eq. (6) cannot be given. Nor can this rela- 
tion be determined experimentally in the absence of a 
calibrated thermometer for the region below 1° K. 

The basic definition of the thermodynamic tempera- 
ture is Kelvin’s formula for a reversible process, 

dQ =Tds. (7) 


At ordinary temperatures, however, secondary ther- 
mometers are never calibrated with the help of this 
formula but are compared with the gas thermometer, 
because the Kelvin scale is identical with the ideal 
gas scale, and the accuracy obtained in this way is 
much higher. At 1° K, however, the vapor pressure of 
helium is 0.12 mm Hg, and it falls exponentially with 
decreasing temperature. Since the pressure in the gas 
thermometer must be well below the saturation pres- 
sure of the vapor, measurements with a gas ther- 
mometer below 1° K are impracticable. For this reason 
the only fundamental way to determine thermody- 
namic temperatures below 1° K is to base the absolute 
measurements on Kelvin’s formula (7). In order to 
do this, known amounts of heat must be supplied to 
the salt, and the variation of the entropy caused by 
the heat supply must be measured. 

In practice the same procedure is followed as at 
higher temperatures: A secondary thermometer is 
chosen that has a high sensitivity in the region to be 
investigated and that can be read easily and in a short 
time. Its readings are calibrated against the Kelvin 
seale. At ordinary temperatures usually a separate 
thermometer is constructed and is brought into ther- 
mal contact with the substance under investigation. 
But, since the thermal equilibrium must be obtained 
through the thermal vibrations of the lattice, this 
method is unsuitable below 1° K. Heat transfer be- 
tween the thermometer and the salt becomes more and 
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more difficult the lower the temperature, and at the 
lowest temperatures a region must be expected where 
the thermometer does not follow the temperature of 
the salt at all. The simplest way of avoiding this prob- 
lem is to use a property of the salt itself as a sec- 
ondary thermometer. Such a property is usually called 
a “thermometric parameter.” Any physical property 
of the salt that depends strongly on temperature can 
be used, and the quantity mostly used up to the pres- 
ent time is the “magnetic temperature.” 

The magnetic temperature is defined on the basis 
of Curie’s law, which is obeyed in the liquid helium 
region by most of the paramagnetic salts used for 
adiabatic demagnetization experiments. This means 
that for low fields the magnetic moment fulfills the 
equation 


H 
M=C T’ 
where C is the Curie constant of the salt. This law can 
be extrapolated to the region below 1° K, and tem- 
peratures can be derived from magnetic measure- 
ments: 


% being the susceptibility at zero field. From theoreti- 
eal considerations, however, it follows that Curie’s 
law cannot hold down to absolute zero. Deviations 
must occur that become larger with lower temperature. 
Consequently the quantity C/z is no longer the ther- 
modynamie temperature when the temperature is 
sufficiently low, but it is still a funetion of tempera- 
ture and can be used as a thermometrie parameter. 
C/x is called the magnetic temperature T*: 


The purpose of many investigations below 1° K has 
been to discover the relation between the magnetic 
temperature 7* and the thermodynamic temperature 
T for various paramagnetic salts. 

The most fundamental method for measuring abso- 
lute temperatures below 1° K, as was pointed out 
above, is based on Kelvin’s definition (7). Unfortu- 
nately, it is a laborious process that takes much time 
and requires an appreciable amount of technical ex- 
perience. In the region between 1° and 0.1° K, how- 
ever, some interesting results have been obtained from 
a different method which, though less fundamental, is 
less tedious, and the accuracy obtained in the results 
is even higher. It is based on theoretical work done by 
Van Vleck and his colleagues. 

For this method, theoretical formulas for the rela- 
tions between 7* and T and between c, and T are 
used. If these formulas are available for a substance, 
they may be verified jointly by application in Eq. (6). 
Demagnetizations can be performed from various 
initial magnetic fields, and each time the final 7* can 
be determined experimentally. From the initial eondi- 
tions the decrease of entropy in the magnetization 
process can be caleulated. From the relation between 
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and 7", the 7’, can be calculated and, with the help 
of the relation between c, and 7, Eq. (6) can be 
checked. If this equation is fulfilled over a wide range 
of 7* values, it is plausible that both theoretical for- 
mulas are correct, and so the relation between 7 and 
T* is corroborated by experiment. If the results are 
not in agreement with Eq. (6), then the method fails, 
and nothing is known about the absolute temperature. 

I shall not give the details of the theoretical con- 
siderations mentioned above. Table 1 gives some re- 
sults obtained with potassium chromic alum, a sub- 
stance with which many investigations have been done, 
and probably the material of which the magnetic and 
calorie behavior is best known below 1° K. The first 


TABLE 1 

S/R T 
0.0102 0.946 0.944 

.784 -782 

-0296 570 566 

-0687 365 359 

-1380 242 

-4180 -124 108 
0.5710 0.095 0.077 


column gives the decrease of entropy during the iso- 
thermal magnetization (R being the gas constant), the 
second gives the 7* values measured in the experi- 
ment, and the last column gives the absolute tempera- 
tures as calculated with the help of the theoretical 
relations mentioned above. It turns out that T is always 
lower than 7, but the differences are relatively small, 
so in this region the deviations from Curie’s law are 
small, 

Down to T=0.077° K the theoretical formulas are 
in good agreement with the experimental results, and 
formula (6) is fulfilled within a few per cent. Below 
this temperature the deviations increase rapidly with 
falling temperature. Here the method can no longer 
be used, and measurements at lower temperatures are 
based on the Kelvin scale. 

For temperature determinations based on Kelvin’s 
definition (7), two kinds of measurements must be 
made: Known amounts of heat must be supplied to 
the salt, and the variation of entropy that is due to 
the heat supply must be determined. In both these in- 
vestigations use is made of the thermometrie param- 
eter. 

For the entropy measurements adiabatic demag- 
netizations are performed from a number of initial 
fields. For each field the decrease of entropy associated 
with the initial isothermal magnetization is calculated 
with the help of formula (2), and the thermometric 
parameter (usually 7*) is measured immediately after 
the demagnetization. In this way it is possible to set 
up an experimental relation between the entropy 
and T*, and afterwards the variations in entropy 
ean be derived from the measured variations in T*. 

The calorie measurements involve a problem. The 
thermal conductivity of the salt is very bad at the 
lower temperatures, so it is essential that the heat 
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should be supplied homogeneously to the sample. An 
electric heater wire glued to the salt is completely 
inadequate below 0.2° K. At Oxford, heat was sup- 
plied by irradiation with y-rays. Since the absorption 
coefficient is small, the penetration depth is great, and 
the absorption is sufficiently homogeneous. At Leiden 
use is made of relaxation and hysteresis effects oceur- 
ring in the salts at the lower temperatures. In this 
case heat ean be supplied by placing the salt in an 
alternating magnetic field. The advantages are obvi- 
ous: The heat is supplied directly to the system of 
electron spins, and, if the temperature is not strictly 
homogeneous, most heat is developed in the coldest 
parts, so that the inhomogeneity is automatically de- 
creased, A disadvantage is, however, that the method 
can be used only at temperatures where such hysteresis 
or relaxation phenomena occur—i.e., only at the very 
lowest temperatures. 

When a salt showing hysteresis or relaxation effects 
is placed in an alternating magnetic field, a phase 
difference oceurs between the field and the magnetic 
moment. It can be described most easily with the help 
of a complex susceptibility. Suppose the magnetie field 
is given by 

H = Re[hge'wt] = hy cos wt ; 
then the magnetic moment obeys 
M = Re| (x' — = cos wt + sin wt). 
The energy dissipated per second in the salt, accord- 
ing to (1), is: 
‘t=1/p 
uf HdM = héwy” 
After the demagnetization both x’ and x” ean be 
measured as functions of time with the aid of an a-e 
measuring bridge. From the value of ~” at each mo- 
ment one can derive the heat absorption per second. 
From the variation of x’ with time the variation of 
T*, and so that of S, ean be found. Hence both dQ /dt 
and dS/dt are known and, according to formula (7), 
absolute temperatures can be calculated from these two 
data. The interesting point of this method is that the 
same alternating current that is used as a “heating 
current” is also used as a “measuring current” for 
the T*. 

Some experimental results are collected in Table 2. 
Here the columns have the same meanings as in Table 
1. Above 7* =0.060° both x” and dT*/dt become so 
small that they cannot be determined with sufficient 
accuracy. The theoretical method discussed above gives 


TABLE 2 

S/R = T 
0,847 0.060 0.031 

901 054 

926 .050 015 

-950 -0088 

959 040 

970 .036 .0047 
0.987 0.033 0.0039 
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reliable results down to 7* = 0.09° ; hence in the region 
between T*=0.09° and 7*=0.06° (Z7=0.07° K and 
T =0.03° K) no experimental data are available for 
the relation between 7' and 7*. 

At T* =0.060° the thermodynamic temperature is 
lower than the magnetic temperature by a factor of 
two, and the difference increases rapidly with falling 
temperature. At 7'* = 0.035° it is down by a factor of 
eight. In this region, therefore, Curie’s law is no longer 
valid, and 7’* cannot be considered as even an approxi- 
mation to the absolute temperature. 

At T* =0.033°, 7=0.0040° K, the magnetic tem- 
perature reaches a minimum: when demagnetizations 
are performed from higher fields, a higher 7* is found 
again. Thus at this point the susceptibility shows a 
maximum. Although this is an important phenomenon 
for the interpretation of the magnetic behavior of the 
salt at these very low temperatures, we shall discuss 
here only the consequences of its occurrence for the 
determination of absolute temperatures. In the neigh- 
borhood of the maximum of x’ the 7* changes only 
very little with the absolute temperature; in other 
words, 7 is no longer a good thermometric parameter, 
and if one wants to measure absolute temperatures in 
the region below the maximum of x’, a different prop- 
erty of the salt must be found which in this region is 
strongly dependent on temperature. 

The most obvious thermometric parameter in this 
region is the imaginary part of the a-e susceptibility 
x”. It happens that, in the neighborhood of the max- 
imum of x’, the x” inereases rapidly with falling tem- 
perature. For absolute temperature determinations 
with this parameter two sets of measurements have 
to be made. In the first place, an experimental rela- 
tion must be found between the 7” and the entropy— 
i.e., a number of demagnetizations must be performed 
from different initial fields, and each time the 7” is 
measured directly after the demagnetization. In the 
second place, Ay”, the change in x” for a given heat 
supply, AQ, must be measured. Since this heat supply 
is caleulated from x” itself, one measures 7” for a 
certain period after the demagnetization. Then the 
entropy variation AS is calculated from the initial and 
final values of x”, and the total heat supply AQ from 
the course of %” with time. From these two the average 
value of 7 during the heating period can be derived. 

In the ease of chromic alum only a few measure- 
ments with the x” thermometer have been made. The 
accuracy is lower than with the 7* thermometer, and 
the measurements could be made only in a very re- 
stricted range of temperatures, since 7’ also shows 
a maximum at a temperature slightly lower than 7’ 
does. All the measurements gave thermodynamic tem- 
peratures of the order of 0.004° K, thus corroborating 
the measurements with the 7* thermometer without 
giving much new information. 

For measurements in the region below T = 0.004° K 
a new parameter had to be found. Now it happens that 
the maximum in x’ is something like a Curie point. 
Below this temperature phenomena are found that 
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remind one of the ferromagnetic or antiferromagnetic 
behavior of other substances at much higher tempera- 
tures. Hysteresis effects are found in the magnetiza- 
tion curve. The width of the hysteresis loop is called 
the remanent moment and depends on the magnetic 
field and, for a given field, on the temperature, in such 
a way that the remanence is larger with lower tem- 
perature. This remanent moment, which can be easily 
measured with a ballistic measuring arrangement, has 
been used as a thermometric parameter for the very 
lowest temperatures. 

When the remanence (usually denoted by =) is used 
as a parameter, two kinds of measurements must be 
made again. First, an experimental relation is needed 
between the entropy and the remanence, which is ob- 
tained by demagnetizing from different magnetic fields, 
the remanence being measured after each demagneti- 
zation by means of a small measuring field. The de- 
crease of = that is due to a given heat supply is deter- 
mined in such a way that, after the demagnetization, 
first the remanence is measured ballistically, then the 
alternating current is switched on, and x” is measured 
as a function of time; finally the remanence is meas- 
ured again. From the two values of = the variation 
of entropy can be calculated and, from the course of 
x’ with time, the total heat supply found. From these 
two sets of data the thermodynamic temperature is 
derived in the ordinary way. 

Some results are collected in Table 3. The first 
column gives the remanence occurring after switching 
off a field of 1.08 oersteds. The second column gives 
the entropy in the same units as Tables 1 and 2. The 
third column gives the total heat supply derived from 


‘the x’’ measurements; the last column shows the ab- 


solute temperatures as calculated from these data. All 
the temperatures are below 0.004° K. The lowest tem- 
perature is 0.0029° K. It was obtained by demagne- 
tizing from a field of 22,000 oersteds, the highest field 
that could be obtained with the big magnet of the 
Kamerlingh Onnes Laboratory at Leiden. 


TABLE 3 
>=/R S/R AQ/R T 
Begin: 1.09 x 10° 1.021 5.56 x 10° 0.0037 
End: 0.69 x 10-6 1.006 
Begin: 2.07 x 10* 1.069 6.23 x 10° .0035 
End: 1.76x 10-6 1.051 
Begin: 2.38 x 10° 1,090 6.22 x 10° .0033 
End: 2.11 x 10-6 1,071 
Begin: 2.91 x 10% 1.138 5.58 x 10° 0.0029 
End: 2.73 x 10-6 1.119 


Thus far we have discussed only measurements with 
potassium chromium alum, but some other substances 
were also investigated. We shall mention the results 
briefly. 

Copper potassium sulfate and manganese ammo- 
nium sulfate both show a maximum in susceptibility 
at very low temperatures. Above this maximum 7” is 
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so small that it could not be measured with any ac- 
curacy; consequently, no absolute temperature meas- 
urements could be done above the Curie point with 
the help of a-c heating. Below the maximum of 7’ the 
x” inerease rapidly, so here measurements could be 
made with the x” thermometer. But, in addition, the 
remanence below the Curie point is so small for both 
salts that it could not be used as a thermometric 
parameter. Thus, of three thermometrie parameters 
used in the case of chromium alum, only the ~” could 
be used, and this is the one giving the results with the 
lowest accuracy. With copper potassium sulfate, tem- 
peratures down to 0.0045° K were measured; in the 
case of manganese ammonium sulfate, the lowest tem- 
peratures were only of the order of 0.09° K. 
Measurements were made with iron ammonium 
alum, and this salt behaved more like chromium alum. 
Its x” has reasonable values both above and below 
the Curie point, and also its remanence can be used 
as a thermometric parameter. It was found that the 
Curie point is at T=0.032° K, and the lowest tem- 
perature obtained with this salt was about 0.01° K. 
Some measurements were made with a chromium 


potassium alum, which was strongly diluted with alu- 
minum potassium alum (21.3 aluminum ions for each 
chromium ion). No maximum was found in suscepti- 
bility, but perhaps it occurs at a lower temperature 
than could be reached with the Leiden magnet. The 
values found for x” were of a suitable order of mag- 
nitude, so that caloric measurements could be made 
using the 7* thermometer. The lowest temperature 
found in these experiments was 0.0014° K, or twice 
as low as with ordinary chromium alum. Recently a 
double demagnetization was performed at Oxford with 
a similar salt. From the extrapolation of the Leiden 
measurements it could be estimated that the lowest 
temperature was of the order of 0.001° K. 


Bibliography 

Casimir, H. B. G. Magnetism and Very Low Temperatures. 
Cambridge : Cambridge Physical Tracts (1940). 

pe KuierKk, D. Thesis, Univ. Leiden (1948). 

pe Kerk, D., STEENLAND, M. J., and Gorter, G. J. Physica, 
15, 649 (1949). 

Kurti, N. J. phys., 12, 281 (1951). 

Simon, F. E., et al. Low Temperature Physics. London: Per- 
gamon Press, 30 (1952). 

STEENLAND, M. J. Nederland. Tijdachr. Natuurk., 17, 311 
(1951). 

VAN VLECK, J. H. Ann. Inst. Henri Poincaré, 10, 57 (1947). 


The Present Status of Temperature Scales 


H. F. Stimson 
National Bureau of Standards, Washington, D. C. 


HE THERMODYNAMIC TEMPERATURE 

SCALE known as the Kelvin seale, which was 

based upon a hundred-degree interval be- 

tween the ice and steam points, was proposed 
in a paper by Joule and Kelvin in 1854 (1). This 
seale has been recognized as the fundamental tem- 
perature scale to which all accurate temperature 
measurements should ultimately be referred. In prin- 
ciple the Kelvin seale could be realized rather simply 
with a gas thermometer if the thermometer were ideal 
and contained an ideal gas; but since neither the ther- 
mometer nor the gas is ideal, corrections must be made 
for their imperfections. 

A gas thermometer for accurate temperature meas- 
urements requires apparatus and skill such as are 
found in only a few laboratories specializing on ther- 
mometrie researches. It was evident that, for uni- 
formity and precise measurement of temperature, a 
practical seale was needed which could be used for 
expressing temperatures on the same basis in labora- 
tories all over the world. Since reproducible tempera- 
ture measurements are as basic in scientific work as 
are the measurements of mass, length, and time, the 
logical body to recommend this seale was the Inter- 
national Committee on Weights and Measures. In 
1927, as a result of discussions and correspondence 
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extending over nearly two decades, the national labo- 
ratories of Germany, the United States, and Great 
Britain agreed on a definition of an International 
Temperature Seale. The international committee ree- 
ommended it to the 7th General Conference on 
Weights and Measures, then representing 33 nations, 
and it was adopted. The international committee also 
recommended in a resolution that studies be made of 
the official text of the International Temperature Seale 
in a program of special conferences on thermometry 
held under its auspices. This also has been done. In 
1937 the international committee set up an advisory 
committee on thermometry and calorimetry, which 
met in 1939, 1948, and 1952 to diseuss ways to im- 
prove the International Temperature Seale. 

The International Temperature Seale was adopted 
in 1927 with the understanding that it should not re- 
place the thermodynamic scale but should represent 
the latter in a practical manner with sufficient accu- 
racy to serve the everyday needs of scientific and 
industrial laboratories. At that time the seale was the 
best practical realization of the thermodynamic tem- 
perature scale. 

The present International Temperature Scale, re- 
vised and adopted in 1948 (2), is based on six fixed 
and reproducible equilibrium temperatures to which 
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numerical values have been assigned, and upon the 
indications of interpolation instruments calibrated at 
the fixed points according to a specified procedure. 
Three of the fixed points are boiling points, and the 
others are freezing points. All are under a pressure 
of one standard atmosphere. The two fundamental 
fixed points, on which the unit of temperature is based, 
are the ice point at 0° C, which is the temperature of 
equilibrium between ice and air-saturated water, and 
the boiling point of water at 100° C, which is the 
temperature of equilibrium between liquid water and 
its vapor. The others are called primary fixed points 
and are the boiling point of oxygen at —182.970° C, 
the boiling point of sulfur at 444.600° C, the freezing 
point of silver at 960.8° C, and the freezing point of 
gold at 1063.0° C. The last decimal places for the 
primary fixed points merely represent the degree of 
reproducibility of those points. 

The means available for interpolating temperatures 
led to the division of the seale into four parts, using 
three different instruments for interpolation. The first 
is from 0° C to the freezing point of antimony at 
about 630.5° C, using a standard platinum resistance 
thermometer and a quadratic equation for relating 
temperature to resistance. The second part is from the 
lower limit of the scale at the oxygen point at 
—182.970° C to 0° C, also using a standard resistance 
thermometer but with a quartic equation. The third 
part of the scale is from the freezing point of anti- 
mony to the gold point at 1063.0° C, using a standard 
thermocouple of platinum and platinum-rhodium, and 
a quadratic formula to relate temperature to the elec- 
tromotive foree when one junction of the thermo- 
couple is at the temperature being measured and the 
other junction is at 0° C. The fourth part of the scale 
is above the gold point at 1063.0° C, using a narrow- 
band radiation pyrometer and the Planck radiation 
formula with the constant C, equal to 1.438 em de- 
grees. 

As the demand increased for greater precision in 
temperature measurements more attention had to be 
given to the procedures for realizing the fixed points 
on the seale, and to the reproducibility of the instru- 
ments for interpolating temperatures between the fixed 
points. The technique for realizing the ice point, for 
example, had to be refined to give the accuracy that 
is often demanded. During the past two decades the 
technique for using the triple point of water for a 
fixed point had been developed to the extent that it 
appeared to be more reproducible than the ice point. 
In 1948 a resolution was proposed by the advisory 
committee, recommended by the international com- 
mittee and adopted at the general conference, stating 
that 0°C should be defined as the temperature 0.0100° 
below the triple point of pure water. 

The boiling points of oxygen, water, and sulfur were 
realized in 1927 in baths open to the atmosphere, and 
formulas were included in the definitions of the scale 
to obtain the actual boiling temperatures when the 
equilibrium pressures were in the range from 680 to 
780 mm Hg. Experience has shown that fluctuations 
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in barometric pressure are great enough to limit the 
attainable accuracy of measurements, so now it is ree- 
ommended that the boiling liquids be in closed systems 
where the pressure is controlled close to 1 atmosphere. 

The revision of the International Temperature Scale 
in 1948 left the defined temperatures of the 1927 
seale substantially unchanged. Only two of the revi- 
sions in the definition of the scale resulted in appre- 
ciable changes in the values assigned to measured tem- 
peratures. The change in the value assigned to the sil- 
ver point from 960.5° C to 960.8° C changed the tem- 
peratures measured with the standard thermocouple. 
The adoption of a higher value for the radiation con- 
stant C, and the change to the thermodynamically 
rigorous Planck radiation formula changed the val- 
ues of all temperatures above the gold point, 1063°C. 

Other important modifications, which caused little 
or no alteration in the measured values of tem- 
peratures, but served to make the scale more definite 
and reproducible were (a) the termination of the lower 
part of the seale at the oxygen point, —182.970° C, 
instead of - 190° C; (b) the division of the scale at 
the freezing point of antimony (about 630.5° C) in- 
stead of at 660° C; (c) the requirements for higher 
purity of the platinum of the standard resistance 
thermometer and standard thermocouple, and for 
smaller permissible limits for the electromotive force 
of the standard thermocouple at the gold point. 

The present lower limit of the International Tem- 
perature Seale at the oxygen point leaves a region 
below this temperature of more than 90°, where there 
is no international seale at the present time. Instead, 
there are several scales in use based upon reference 
instruments in different laboratories, but no scale has 
been defined so that it can be set up without reference 
to these actual instruments or without fundamental | 
measurements that utilize a gas thermometer. At tem- 
peratures below the oxygen point the boiling point 
of hydrogen near 20° K may be used as a primary 
fixed point. At still lower temperatures the boiling 
point of helium near 4.2° K, and perhaps its lambda 
point near 2.2° K, may be used. It seems probable 
that platinum resistance thermometers can be em- 
ployed for interpolating temperatures down to the 
hydrogen region, when the proper specifications can 
be worked out and agreed upon to relate temperature 
to the resistance of thermometers having some specified 
purity of platinum. Below the hydrogen region, where 
the sensitivity of the platinum resistance thermometer 
becomes very low, it is not easy to choose the instru- 
ment for interpolation. These and other problems 
relating to the extension of the International Tem- 
perature Seale were discussed at the meeting of the 
advisory committee at Paris in June 1952. 

As Lord Kelvin defined the thermodynamic tem- 
perature seale in 1854, it is a centigrade scale because 
the fundamental interval between the ice and steam 
points is 100 degrees. The temperature of the ice point 
on this seale depends on the results of experiments, 
and different laboratories use their own preferred 
value. Lord Kelvin did say, however, that, when the 
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value of the ice point was known with sufficient ac- 
curacy, the seale could be defined in terms of the 
value assigned to the ice point rather than by assign- 
ing 100° to the difference between the ice and steam 
points. He also said “the former is far preferable in 
the abstract, and must be adopted ultimately.” This 
proposal was made again by W. F. Giauque in 1939 
(3). In 1948 the advisory committee passed a resolu- 
tion concerning this seale and the international com- 
inittee, after changing the wording slightly, recom- 
mended it to the general conference, which adopted 
it. The revised wording of this resolution is: “The 
advisory committee recognizes the principle of an ab- 
solute thermodynamic seale requiring only one fixed 
point, which would now be the triple point of pure 
water, for which the absolute temperature will be 
chosen later. The introduction of this new scale in no 
way affects the International Temperature Scale, 
which continues to be the recommended practical 
seale” (4). It is expected that a value for the triple 
point of water will be chosen for this seale in 1954. 

Since the value chosen for the triple point of water 
probably will not be exactly the same as the true value 
on the centigrade Kelvin seale, which would be ob- 
tained by perfect experiments, it follows that the new 
absolute thermodynamic seale will not be exactly the 
same as the centigrade Kelvin scale. This means that 
the size of the degree on the two will not be identical, 
and the steam point at 1 atmosphere will not be ex- 
actly 100° above the ice point, as would be desirable 
for its relation to the International Temperature Scale. 
The value for the triple point of water, therefore, 
should be the best possible at the time of choosing. If 
the value is chosen within 0.01° of the true value on 
the centigrade Kelvin scale, it would probably be some 
years before the difference at the steam point could be 
definitely determined. The second sentence of the reso- 
lution, however, permits the steam point on the Inter- 
national Temperature Scale to be kept at 100° C as 
long as this seale continues to be the accepted prac- 
tical one for expressing temperatures. 

It is now believed that the value assigned to the 
primary fixed point at the sulfur point is lower than 
the value on the thermodynamic seale by over a tenth 


of a degree, and the value assigned to the primary 
fixed point at the oxygen point is higher than the 
value on the thermodynamic seale by a few hundredths 
of a degree. This raises the question of whether it is 
better to change these values in the relatively near 
future or better to keep the present values for a long 
time and apply corrections, as best known, in the few 
instances when the highest accuracy attainable is nee- 
essary. Inasmuch as frequent changes produce con- 
fusion, it seems better to keep the present values for 
the practical seale. 

During the General Conference on Weights and 
Measures in 1948 a name was proposed almost spon- 
taneously to replace the name “centigrade” that sci- 
entists have been using. This came about as a result 
of a question in the French language whether the term 
centigrade or centesimal should be used. The term 
“Celsius” was proposed in their place and adopted 
two days later at the last session of the conference 
(5). In defense of this decision it may be noted that 
the term has been in general use in Germany and 
some other countries for many years. No new symbol 
is required since “C” has been used in the past. Fur- 
thermore, this seale had been the only one that did not 
honor some man who had made fundamental advances 
in the field of thermometry. The use of this new name 
is not compulsory, of course, and neither is the use of 
the International Temperature Seale, but in the in- 
terest of international uniformity they are recom- 
mended. Should confusion arise, it ean be avoided by 
designating temperatures as degrees Celsius (centi- 
grade) until the term Celsius has come into such eom- 
mon usage that it can stand alone. This may take a 
generation or more. 

No mention of Fahrenheit, Reaumur, or Rankin 
seales has been made in the proceedings of the gen- 
eral conferences, but it is assumed that the former 
simple relations to the Celsius (centigrade) seale still 
hold. 
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An Automatic Counter for Age Determination 
by the C* Method 


H. R. Crane and E. W. McDaniel* 
Harrison M. Randall Laboratory of Physics, University of Michigan, Ann Arbor 


INCE 1949, when the first suecessful measure- 
ments of the ages of relics by the C' method 
were announced by Libby, Anderson, and Ar- 
nold (1), several laboratories have taken up 

such studies. All the installations, with the exception 
of the one to be described here and one other (2), 
have followed quite closely the original design de- 
seribed by Libby (3). During the past three years we 
have developed an apparatus that differs from older 
ones in some important ways in regard to mechanical 
construction and circuitry, and we have introduced 
some modifications into the techniques of measure- 
ment. In particular, the apparatus is completely auto- 
matic in operation. Since the general ideas of age 
measurement have been presented in detail in other 
papers (4, 5), the discussion in this article will be 
restricted to the physics of low background counting 
and the description of our own apparatus and tech- 
nique. The topics discussed, which constitute the es- 
sential requirements for extremely low background 
counting, are the following: (1) reduction of cosmic 
ray background by means of anticoincidence counters ; 
(2) reduction of local soft radiation background by 
means of a shield; (3) avoidance of the use of metals 
that contain traces of radioactivity in the construction 
of both the shield and the counter; (4) frequent alter- 
nation between the unknown specimen and known 
comparison standards to reduce the effect of slow 
drifts in sensitivity and background; (5) stability of 
all cireuits and components over long periods; (6) 
reduction of spurious counts, such as those caused by 
negative ion formation and cathode activation in the 
counter; and (7) cleanliness and reproducibility in the 
technique of handling and mounting the samples. 


MECHANICAL DETAILS OF THE COUNTER 


An essential feature of the counter is that the en- 
velope is long enough to provide “parking space” for 
three sample cylinders. These are moved from the out- 
side by means of a motor so that, one at a time, they 
form the cathode around the counter wire. There is a 
separate clock and count register for each sample 
cylinder, and these accumulate the total time and 
counts for each sample separately. A programming 
system, consisting of a clock and relays, actuates the 
changing of the samples, switching of the clocks, 


11It is a pleasure to acknowledge the assistance of Gloria 
Thornton and Patricia Dahlstrom, who have prepared all the 
earbon samples measured. The project has been supported by 
the Michigan Memorial—Phoenix Project, 
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registers, ete., so that long runs are made without 
attention. 

As shown in Fig. 1, the counter envelope consists 
of a 334” I D seamless steel tube 61” long (inside), 
sealed at the end with flat plates having O-ring gaskets. 
The three sample cylinders are iron, 9” long, 31/4,” I D 
and 3/32” wall thickness, and have 3/16” lips at the 
ends. They are mounted, with 3” spaces between them, 
on a piece of 14” O D, .03” wall brass tubing, 3352” 
long. Six 54” x 54” x 1/16” fins are silver-soldered to 
the side of the brass tube, and these serve as mounting 
lugs for the cylinders. Each cylinder has a tapped hole 
near each end and is attached to its mounting lugs by 
screws. The 14” brass tube serves as a sheath for a 
3/16” steel lead screw, having a double thread, 13 
revolutions /inch, and 2714,” long, including 1” at the 
end which is not threaded. A 1%” long steel nut is 
silver-soldered to the end of the sheath tube. Graphite 
with oil is used to lubricate the screw. When the lead 
serew is turned, the assembly of three sample cylinders 
moves along so that any cylinder can be brought into 
the counting position. The assembly of sample cylin- 
ders rests on the bottom of the envelope, leaving the 
5/16” space above, which is oceupied by the screw and 
its sheath. No guides are used to keep the assembly 
in position; gravity seems to serve well enough, pro- 
vided care is taken to make the lead screw and 
sheath straight, so that little torque is exerted on the 
assembly. 

The method used for transmitting the rotary drive 
for the lead screw into the envelope avoids having any 
rotating shaft or sliding surface form a part of the 
vacuum seal. It has required no attention in more than 
a year of steady operation. The principal part is a 
crank, which is merely a curved piece of shaft (Fig. 
1). Both ends of the crank turn in ball bearings. The 
cup over the outer end of the crank moves in a cone 
but does not rotate. The cup is driven by a slotted cam 
or wheel, into which the boss on the cup fits loosely. 
The piece of rubber tubing connecting the two ball- 
bearing cups is supported by an internal spring wire 
helix, so that it will not collapse under vacuum. Both 
the inner ball-bearing cup and the support for the 
wheel bearing are silver-soldered to the end plate of 
the counter envelope. To permit checking on the opera- 
tion of the drive system, a flashlight bulb is mounted 
on the inner face of the end plate, with an electrical 
connection to the outside, and a 1” glass window is 
provided. 

The lead serew mechanism is driven by a geared 
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reversible motor at 2 rps. A second lead serew, of the 
same pitch and length, but of larger diameter, is 
located outside the counter and shield, and is driven 
by the same motor. The latter carries a nut that travels 
in unison with the sample cylinders. Adjustable micro- 
switches are placed so that one is depressed by the 
nut when the sample assembly reaches each of its three 
counting positions. These cause the drive system to 
stop at the correct place after each change. 

The anode assembly is cantilevered from the op- 
posite end of the envelope by means of a 114”, 1/32” 
wall steel tube. Its center line is 5/32” below the center 
line of the envelope. The tube is partly cut away at 
each end to provide access to the electrical connections 
and is broken electrically near the middle by means of 
a Lucite plug, in order that the anode supporting 
structure (including the screen, if used) may be main- 
tained at a potential different from ground. The end 
plate of the envelope is double, providing for align- 
ment by means of three screws, as shown in F‘g. 1. 

A cireular plate, 244” in diameter, is silver-soldered 
to the end of the 114” tube, and another plate of the 
same dimensions is supported 1114” (inside measure- 
ment) beyond this by means of three 3/32” hard steel 
rods. The plates have slots cut in their edges at inter- 
vals of 3/16”. When a screen wall is used, it is made 
by lacing .01” copper wire back and forth in these 
slots. The high voltage insulators, at the centers of 
the plates, are made of polystyrene. The anode wire 
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is .007” tungsten, which is fastened at the inner end 
and pulled by a spiral steel spring at the other end. 
Pieces of 1/16” O D copper tubing cover the tungsten 
wire 114” outward from each plate, limiting the sensi- 
tive length of wire to 8144”. Pieces of .01” sheet steel 
rolled into cylinders 34” long and 214” in diameter 
are placed around the end plates and are held in place 
by friction. Their edges are even with the ends of the 
copper sleeves on the tungsten wire. These cylinders, 
with the copper sleeves, limit precisely the length over 
which the counter is sensitive. They also make it vir- 
tually impossible for beta rays to arrive, even after 
seattering, from a neighboring sample cylinder. All 
metal parts of the anode assembly are steel, and all 
joints are made with silver solder. The high voltage 
connection, which runs inside the 11/4,” steel tube from 
a Stupakoff lead-in bushing in the end plate of the 
envelope to the copper sleeve that holds the counter 
wire, is rubber-insulated. Glass sleeves are slipped over 
the joints at the ends. After assembly the tungsten 
wire is cleaned by flaming to white heat with a Bunsen 
burner. 

Shield. The shield is built of slabs of 2” thick iron 
“boiler plate.” Counting from the center of the shield 
toward either end, the thickness is 8” for a distance 
of 15”, 6” for the next 7”, and 4” for the final 16”. 
The ends are closed with 2” thick movable slabs. When 
the shield was first built, about 1 ton of lead, in 100-lb 
pigs, was stacked on top of the middle section. Later 
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comparisons of counting rate with and without the 
lead have shown that it reduces the background by 
not more than .2 epm. 


Circuits 


Carbon counter. The voltage of the carbon counter 
is regulated according to pulse size by means of a 
circuit previously described (6). This maintains the 
operating voltage at very nearly a constant point rela- 
tive to the threshold, regardless of shifts in threshold 
that may occur as a result of aging of the gas in the 
counter. This has been found to be of value in making 
long C™ runs (48 hr or more) unattended, and in 
starting within 1 or 2 hours after filling the counter. 
In a counter containing a large area of metal and 
rubber, besides the freshly prepared carbon samples, 
some gradual change in the composition of the gas and 
hence in the threshold is to be expected. The time eon- 
stant of the regulator is such that in normal opera- 
tion the voltage on the counter rises at the rate of 
about 1 v/see. When the voltage gets to a high enough 
value that a count pulse is able to fire the thyratron, 
the voltage is reduced by 2 v. Thus the counter voltage 
has a superimposed sawtooth component of about 2 v 
amplitude and 2 see period. To indicate the degree of 
regulation achieved, Table 1 gives the actual voltage 
maintained on the counter for various values of high 
voltage supplied to the regulating cireuit. 

Although the above experiment was done in reverse, 
so to speak, it can be concluded from the figures that, 
if the supply voltage were set at 1400 v, the threshold 
could move about 200 v in either direction and carry 
the operating point of the counter along with it. The 
actual threshold, in the above case, was 1125 v. The 
number of volts above the threshold at which the cir- 
euit stabilizes (75 in the above case) is determined 
by the thyratron bias. The circuit diagram for the unit 
containing the amplifier, regulator, and univibrator is 
shown in Fig. 2. 


TABLE 1 
Counter voltage 


Supply voltage 


1120 1120 
1190 1175 
1230 1195 
1445 1200 
1520 1205 
1625 1207 
1660 1215 
1695 1225 
1730 1230 
1805 1245 


The counter pulses are fed, from the output of the 
amplifier stage, into a univibrator that has a recovery 
time of 15 msec. The output of the latter is then dif- 
ferentiated so as to give pulses of about 1 msee dura- 
tion. These go to the anticoincidence mixer. The arti- 
ficial “dead time” of 15 msee is introduced to reduce 
the background of spurious counts. Spurious counts 
associated with the ion transit time in the counter 
follow counts within a few hundred microseconds, and 
those associated with cathode activation (7, 8) have a 
probability that decreases rapidly after each count. 
The first of these kinds of spurious counts is prae- 
tically eliminated, and the second is greatly reduced, 
by the dead time, at the sacrifice of only 3% of the 
real counts. 

External counters, anticoincidence mixer, scaler, and 
register circuits. There is nothing unique in our anti- 
coincidence mixer, sealer, and register cireuits—one 
standard method would have served as well as an- 
other. Therefore, only some brief comments about the 
system in general are necessary. The external counters 
are commercial ones, 1” x20”, copper wall “self- 
quenching.” Fifteen of them are grouped around the 
carbon counter envelope and connected in parallel. A 
univibrator quench is used with these for two reasons: 
it provides uniform, large pulses to be fed into the 
mixer, and it allows the counters to be continued in 
service after their quench vapor has been used up. 
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Advantage is taken of the fact that the counting rate 
is very small, and pulses of generous width are used 
throughout the system—about % or 1 msec. In the 
mixer the pulses coming from the external counters 
are inverted and added, in a simple resistance net- 
work, tc those coming from the carbon counter. Since 
the pulses from both counters have been made uniform 
by univibrators, this manner of mixing leaves nothing 
to be desired. The use of a nonlinear mixing scheme, 
such as the Rossi cireuit, would add nothing, since 
infinite nonlinearity, so to speak, has already been 
introduced by the univibrators. The anticoincidence 
pulses thus formed are sent through a seale of four, 
the output of which goes to the univibrator which 
actuates the registers. The scale of four is used only 
because the particular registers used are slow, having 
a revolving time of 14 see. 

Power supplies. A dual, electronically regulated high 
voltage supply (0-2000 v), a negative bias supply 
(-90 v) and several 6.3-v heater supplies are ecom- 
bined on a single chassis. These cireuits are standard 
and need no description. 
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Programming system. A complete cireuit diagram 
for the system, which shifts the sample cylinders, 
switches the clocks, registers, ete., is shown in Fig. 3. 
A master cloek turns a cam that closes a microswitch 
momentarily to initiate each change of the sample 
cylinders. The only precaution necessary is that the 
master contact must remain closed until the nut on the 
external lead screw has moved off its microswitch, and 
must be open again before the nut gets to the next 
position. Provision is made in our cam system to allow 
unequal times to be spent in the measurements of the 
three samples. This is necessary in order to obtain the 
best statistical accuracy for a given total expenditure 
of time, when the counting rates of the three samples 
are not the same. If, for example, the unknown is near 
contemporary, most of the time will be spent on the 
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unknown and the contemporary, and little on the 
“dead” sample. The remainder of the cireuit is be- 
lieved to be self-explanatory. The only items not shown 
are two emergency stop microswitches, one at each 
end of the external lead screw, which cut off the power 
in ease the system should fail to stop at either end 
position. 

A hold-down relay is inserted in the 110-v power 
line to the entire apparatus so that it will remain off 
after a temporary power failure. This precaution is 
essential because the various voltages and filament 
temperatures do not come up to full value together, 
thereby causing spurious counts. 


OPERATION AND CHARACTERISTICS OF THE COUNTER 


Counting rates. In normal operation the counting 
rates are: external counters, 800 epm; carbon counter 
with dead carbon, 125 epm total and 8.4 uneancelled 
epm; carbon counter with contemporary carbon, 16.5 
uneancelled epm. The effective area of carbon is 583 
em?, The number of epm/em? above background for 
contemporary earbon is .0138. When corrected for the 
3% dead time of the univibrator blanking cirenit, this 
becomes .0142 epm/em?. This value is somewhat lower 
than the value .0165 indicated by the data given in a 
recent paper by the Chicago group (4). Although we 
cannot be certain as to the reason for this difference, 
it is possible that the elimination of some spurious 
counts by the blanking univibrator, combined with the 
absence of a high “drag voltage” on the screen may 
account for it. 

Plateau. The plateau of the carbon counter is sur- 
prisingly long. A recent measurement gave an operable 
range from 1200 to 1600 v with a slope of 1% /100 v. 

Screen wall. The sereen, or grid, has been assumed 
to be an important element in the C** counter, and we 
have carried out some extensive experiments as to its 
behavior. The counter has been operated over many 
months, both with and without a screen wall. When 
operated at a positive potential (up to 150 v) with 
respect to the cylinder, the screen has been found to 
have no measurable effect on either the counting rate 
or the consistency of the rate. In view of the fact that 
the carbon layer is such a good conductor? that its 
surface potential is that of the metal cylinder, this 
result is to be expected. The reasons are as follows: 
When the sereen is not present, the potential of the 
space at the sereen radius is easily calculated to be 
about 50 v positive with respect to the cylinder. If, 
therefore, the sereen is inserted and maintained at + 50 
v, it will not modify the potential distribution in the 
counter. Both the outward-drifting positive ions and the 
inward-drifting secondary electrons will pass through 
the screen as if it were not there, except that a frac- 
tion of each, equal to the geometrical opacity (5%), 
will be collected by it. (The 5% loss will not be ex- 
pected to reduce the counting rate by 5%, because each 
beta ray makes many ion pairs, and it will not often 
happen that all the secondary electrons from a given 


*A measurement gave 30 ohms for the resistance across 
the layer when contact was made to 1 cm* of the surface. 
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beta ray will be collected by the sereen). Operated at 
this potential, then, the screen does not form the real 
cathode, except to the extent of 5%. If, in the geo- 
metrical case described, the screen is given a potential 
higher than 50 v, it will collect somewhat more than 
5% of the positive ions and less than 5% of the see- 
ondary electrons, and, if lower than 50 v, the reverse 
will be true. 

If a negative potential of 8 v is applied to the 
sereen, secondary electrons formed in the space be- 
tween the sereen and the cylinder will just be repelled 
back to the cylinder. By analogy with a triode, this 
is the cutoff voltage; “nu”, computed from the geom- 
etry, is about 130. Therefore, when the sereen is at 8 
or more volts negative, the effective size of the counter 
is that of the screen. Only those beta rays that produce 
ion pairs inside the sereen will give counts, and the 
sereen acts as a real cathode. 

The experimental curve in Fig. 4 shows the counting 
rate as a function of screen potential, taken under 
usual operating conditions with a contemporary car- 
bon sample. It is consistent with the arguments pre- 
sented above. 

When operated at a negative potential, a screen 
forms the real cathode and protects against all the 
possible bad properties of the carbon layer—poor con- 
ductivity, photoelectric sensitivity, spontaneous elec- 
tron emission, emission of electrons by positive ion 
collection, roughness, eccentricity, variation in radius, 
ete. The price paid for this is the reduction in count- 
ing rate indicated in Fig. 4. When the screen is oper- 
ated at a positive potential, the field strength around 
the anode wire is maintained constant against all geo- 
metrical variations in the carbon layer, and protection 
against the effects of surface charge caused by poor 
conductivity of the layer is obtained. There is, how- 
ever, no protection against the three types of elec- 
tron emission mentioned above. Since our own sample 
layers are smooth and of uniform diameter, and since 
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the carbon seems to be a good conductor and a well- 
behaved cathode surface, we have not found any ad- 
vantage in using a negative sereen or, in fact, any 
sereen at all. 

Thickness of sample vs. counting rate. A comfort- 
able excess of carbon above that necessary for a layer 
of saturation depth is not always available, and in 
some cases it is necessary to work with less than 
saturation depth. Since the transmission curve for C' 
beta rays is already well known, an experimental check 
in this case becomes mainly a check on the uniformity 
with which the carbon layer is spread in the cathode 
cylinder. The results of a series of measurements with 
various quantities of carbon are shown in Fig. 5. The 
descending curve is the transmission of C'* beta rays 
in aluminum (7), which should be very nearly correct 
for a carbon layer, and the ascending curve is its 
integral, or the expected thick-layer counting rate. The 
experimental points show good agreement and indicate 
that our carbon-spreading technique (5) gives a uni- 
form layer, even for a few mg/em?. Visual inspection 
of the layer confirms this conclusion. 


100 
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Effect of atomic number of cathode on background 
rate. In comparing the counting rate of a bare eylin- 
der with a cylinder coated with a sample, the differ- 
ence in efficiencies of the surfaces as “radiators” for 
conversion of the soft local radiation into secondary 
electrons must be recognized. As an experiment, the 
background radiation was increased by about a fac- 
tor of 10 by placing a wrist watch, having a luminous 
dial, inside the shield. The mixture of gamma radia- 
tion from the watch (radium and its products) is 
probably not far different from that given by the 
local radioactive contamination. The increase in count- 
ing rate fer an iron cylinder was about 3% more than 
that for a carbon-lined cylinder, and the increase for 
a tin-lined cylinder was 30% greater than for the 
earbon-lined cylinder. This shows that, in the same 
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radiation environment, different backgrounds will have 
to be applied to samples of different atomic numbers. 


REDUCTION OF BackGRrouND CouNT 


Selection of materials for shield and counter. 
Of the materials having reasonably high density and 
atomic number, for shielding, lead and iron are the two 
cheapest and most readily available materials. Lead is 
rejected because of its radioactive contamination. 
Lead oceurs frequently in association with radioactive 
ores, and these are not entirely eliminated in the re- 
fining process. In addition, there is the long-lived 
(22 years) radioactive isotope of lead, which cannot 
be removed, and which oceurs in varying concentra- 
tion depending upon the source of the lead. Its gamma 
ray is .47 Mev energy. We have found lead to vary 
in radioactivity but have not found any with low 
enough background to make it useful as a shield. We 
have obtained approximately the same result (within 
1 epm) with a 3” lead shield having a lining of 2” 
of copper (bus bar stock) plus 44” of iron, as with 
the all-iron shield described. 

The envelope of the counter and all the inside metal 
parts are made of iron, steel, or copper except the 
anode wire, which is tungsten (not thoriated). No soft 
solder is used. “Free-machining” brass contains up to 
3% lead, so it is not used. Libby has reported satis- 
factory experience with lead-free brass, but similar 
material which we were able to obtain was found to 
be contaminated. 

Iron and copper have been used for the sample 
cylinders with equally good results.* A set of stainless 
steel cylinders was made and found to give a back- 
ground from 2 to 3 epm higher than that observed 
with the iron or copper cylinders. Iron cylinders have 
an advantage over copper in that they can be cleaned 
conveniently by etching in dilute HCl. Oxidation is 
prevented by wiping a thin film of oil on them after 
etching. It has been found from experience that three 
cylinders, even when cut from the same piece of stock, 
eannot be assumed to have the same background 
counting rates. For this reason, the two permanent 
comparison samples (contemporary and dead) are 
calibrated against contemporary and dead carbon 

* Results of the comparison of a large number of common 
materials for radioactive contamination are given in a paper 
by J. A. Bearden (Rev. Sci. Instruments, 4, 271 [1933]). A 
good recent survey of the occurrence of radioactivity in our 
surroundings can be found in “Disposal of Radioactive 
Wastes,” by E. C. Pitzer, a report, it is understood, that 
will be published by the AEC Technical Information Service, 
Oak Ridge, Tenn. 

‘Our confidence in iron has been shaken somewhat by the 
recent newspaper account of the discovery, by the Jones & 
Laughlin Steel Co., of a commercially significant concentra- 


tion of uranium in one of its iron ore deposits in the Upper 
Peninsula of Michigan. 


placed in the position of the unknown sample. The 
two permanent samples are, therefore, secondary 
standards. The same sample is found to give up to .3 
epm difference in different cylinders. 

Argon (9 em) and ethane (1 em) are used as filling 
for the counter. So far no trouble has been experienced 
with commercial argon, although in this Atomie Age 
no noble gas should be considered to be above suspi- 
cion. One of the most abundant of the fission products 
is Kr®® (9.4 years), and undoubtedly there is now 
much of it in the atmosphere. 

Airborne radioactivity. The shield is not airtight. 
Although no experimental data are available to prove 
the point, we believe it would have been worth while 
to have constructed the shield in such a way as to 
prevent air from drifting through it. It is well known 
that outdoor air carries radon and thoron in such econ- 
centrations as to give, when their short-lived products 
are included, the order of 1 disintegration /min/|. The 
concentration of these emanations can be much greater 
inside a closed building with masonry walls or floors, 
because of the high uranium and thorium content of 
some sands. Airborne radioactivity of other kinds is 
also a possibility in any large research laboratory. 
The air in a sealed shield would soon become inactive. 

The precaution of protecting the carbon samples 
and the cylinders from unnecessary exposure to air is 
also worth while. Thorium B (10.6 hr) will be de- 
posited electrostatically on an exposed sample or 
cylinder and, with its products, which are all of shorter 
half-life, will give a background count. Radon is not 
so harmful, because all the half-lives in the chain fol- 
lowing it are either very long or very short compared 
to a day, and they are therefore not expected to con- 
tribute measurably to contamination.° The atomic 
bomb tests in Nevada constitute a further hazard. 
Twice within the past year it has been necessary to 
discontinue the measurements temporarily be- 
cause of airborne fission products. 
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News and Notes 


Instrument Conference and Exhibit 


THE seventh National Instrument Conference and 
Exhibit, sponsored by the Instrument Society of 
America, was held in Cleveland the week of Sept. 
8-12. Nearly 100 technical papers dealing with meas- 
urements, instruments, or automatic control were pre- 
sented in 40 sessions arranged by the Instrument 
Society and other technical societies cooperating in 
the conference. The exhibits of instruments, compo- 
nents, and control devices filled both the Arena and 
the main Exhibition Hall of the Cleveland Municipal 
Auditorium, with a total of approximately 30,000 
square feet of exhibit space. There were nearly 200 
commercial exhibitors, and a few booths displayed 
instrument developments of government laboratories. 
More than 9000 engineers, scientists, manufacturers, 
and technicians were registered during the week. 

A noticeable feature of this year’s conference was 
the much wider coverage of various phases of instru- 
mentation, resulting from the activity of the newly 
formed technical committees. The older committees of 
the society had strong programs, as usual, the sessions 
on Instrumentation for Production Processes having 
the most papers and the largest average attendance, 
reflecting the interest of production engineers in auto- 
matie controls. Other sessions, reflecting industrial in- 
strumentation, were devoted to instruments for in- 
spection and gauging, analysis instrumentation, and 
instruments for testing. Research instrumentation in- 
terests were covered by sessions on medical, aero- 
nautical, geophysical, meteorological, and nuclear 
radiation instrumentation. The chairman of the first 
session on Instrumentation for Biophysics and Medi- 
cine was Otto Glasser, editor of the monumental two- 
volume work, Medical Physics, much of which is de- 
voted to medical instrumentation. 

The American Society of Mechanical Engineers 
sponsored a symposium on high pressure measure- 
ments, with an introductory lecture by Perey Bridg- 
man, who received the Nobel prize for his develop- 
ment of techniques for attaining and measuring ex- 
tremely high pressures. The Society of Electrical 
Engineers, the Institute of Radio Engineers, and the 
American Institute of Physics also arranged sessions 
of papers dealing with instruments and measurements. 

Preprints of many of the papers were available, 
and the complete volume of the “Conference Pro- 
ceedings” will be published within a few months. 
Prospective authors are urged to submit titles and 
abstracts for next year’s conference as soon as pos- 
sible, to permit adequate time for editorial review by 
the appropriate committees, and for preprinting. 

In line with the policy of the Instrument Society, 
to attract instrument technicians as well as profes- 
sional engineers and research scientists, an Instrument 
Mechanies’ Maintenance Clinie was held as an edu- 
cational feature in advance of the conference pro- 
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gram. The clinie gave an opportunity for 400 instru- 
ment mechanics to get 20 hours of instruction on 
trouble shooting, maintenance and repair, and instal- 
lation of various types of instruments, and enjoy a 
session on automatic control and a showing of the 
ISA color film Principles of Automatic Control. 
Facilities for the clinie were provided by the Case 
Institute of Technology. Another educational feature 
was a Clinic on Analysis Instrumentation held for 
advanced technicians or professional personnel. This 
clinic covered electrical, optical, and mechanical design 
features, as well as application techniques for infrared 
analyzers, flame spectrophotometers, mass spectrom- 
eters, thermal conductivity gas analyzers, combustible 
gas analyzers, x-ray spectrometers, and light-seatter- 
ing apparatus. 

Following a luncheon for the exhibitors, several 
eminent editorial writers participated in a panel dis- 
cussion on Frontiers of Instrumentation. David Dietz, 
science editor of the Scripps-Howard papers, served 
as moderator. Lawrence P. Lessing, of Fortune; 
Gerard Piel, of Scientific American; H. L. Waddell, 
of Factory Management and Maintenance; and Syd- 
ney Self, of the Wall Street Journal, discussed the 
trends and potentialities of instrumentation for our 
civilization. From these discussions emerged an inter- 
esting composite definition of instrumentation as the 
science and industry of measurement, control, and 
computation. 

These speakers foresee continued great progress in 
applications of automatic control to industry and par- 
ticularly to the information-handling aspects of in- | 
dustry and banking, accounting, and merchandising. 
One speaker suggested that the instrument industry 
should financially support the educational work of 
the Instrument Society to ensure more rapid aware- 
ness of these potentialities in industry and science. 
It was also pointed out that the instrument industry 
should further educate itself as to the unexplored 
potentialities of automatic control and take a bolder 
and more imaginative approach in devising and per- 
fecting instruments for the use of industry and science 
in advance of demand by the users. 

The wide range of products exhibited included in- 
struments, components, control systems, regulators, 
valves, amplifiers, and special devices for control of 
measurement in specific industrial or scientific ap- 
plications. Most of the products were for industrial 
use, although many devices exhibited were for research 
laboratory use, and many new products are in the 
transition stage between the research and the indus- 
trial model. There were three different firms exhibiting 
electromagnetic flowmeters—devices in which there are 
no moving parts, no obstruction to the flow, the flow 
being measured by the emf generated by passage of 
the fluid through a magnetic field. The principle dates 
back to Faraday, but the practical application was 
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first made ten or fifteen years ago for measurement 
of blood in arteries, and it is now being used in in- 
dustry for measuring flow of all sorts of liquids, par- 
ticularly those that are corrosive or explosive. Even 
hydrocarbon fuels may be metered, when treated with 
some additive to increase the conduction. 

Spectrophotometers and infrared analyzers were 
exhibited, and other instruments utilizing optical, 
chemical, thermal, electrochemical, and gravimetric 
systems. Several new types of analog computers were 
shown, and there was an increased number of auto- 
matic data-reduction equipment in evidence. One of 
the most rapidly evolving phases of instrumentation, 
it has developed in response to the problem of han- 
dling the large mass of measurements that can now 
be taken so rapidly with high-speed recording meth- 
ods. Even viscosity is being measured by a new tech- 
nique. An ultrasonie device measures the damping 
of an immersed metal strip which is set in vibration 
by magnetostriction. This device gives instantaneous 
readings in a small volume, it ean be totally enclosed, 
and is made of corrosion-resistant material, so that 
it can be used to control product quality in continuous 
process plants. 

Only the Navy Department, represented by the 
Naval Research Laboratory and the Naval Ordnance 
Laboratory, and the National Bureau of Standards 
had technical exhibits. The Instrument Society makes 
space available at no cost to government and academic 
exhibitors, and if a larger number of such exhibits 
could be shown, it would add much of interest for 
engineers and scientists attending the meetings, and 
would attract a greater number of research people. 

The eighth National Instrument Conference and 
Exhibit will be held at the Sherman Hotel, Chicago, 
in September 1953. In 1954 the Instrument Society 
will sponsor an International Instrument Congress 
and Exposition at Philadelphia, Sept. 14-24, and in- 
vites other technical societies to hold joint meetings 
on measurements in their special fields at that time. 
It is expected that many foreign exhibitors, as well 
as foreign users of instruments, will attend the 1954 
ten-day conference. Successive conferences will be held 
in Detroit in 1955, Los Angeles in 1956, and New 
York in 1957. 

Newly elected officers of the society for 1953 are: 
president, Porter Hart, Dow Chemical Company, 
Freeport, Texas; vice-presidents, D. M. Boyd, Uni- 
versal Oil Products Company, Chicago; R. T. Sheen, 
Milton Roy Company, Philadelphia; Warren H. 
Brand, Carbide & Carbon Chemical Company, Oak 
Ridge, Tenn; and J. M. Ribble, Phillips Petroleum 
Company, Bartlesville, Okla.; treasurer, J. T. Voll- 
brecht, Energy Control Company, New York; and 
secretary, W. A. Wildhack. 

Exhibit manager for the society is Richard Rim- 
bach, and the society manager is P. V. Jones, Jr. 
Society headquarters are at 1319 Allegheny Ave., 


Pittsburgh, Pa. W. A. 
National Bureau of Standards 
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Scientists in the News 


Ernest Anderson, after 29 years of service as head 
of the Department of Chemistry at the University of 
Arizona, has retired. He was succeeded by Lathrop 
E. Roberts, professor of chemistry in the same de- 
partment. 


Hurst Robins Anderson, president of Hamline Uni- 
versity in St. Paul, has been elected president of The 
American University, Washington, D. C. Professor of 
English and speech at Allegheny College, Dr. Ander- 
son in 1943 was selected as president of Centenary 
Junior College in New Jersey. He remained at Cen- 
tenary until 1948, when he was elected President 
of Hamline. 


L. F. Bates, of the Department of Physies, Univer- 
sity of Nottingham, England, and C. J. Gorter, physi- 
cist at Kamerlingh Onnes Laboratory, University of 
Leiden, presented special seminars at Iowa State 
College under the joint sponsorship of the Iowa 
State College Division of Science and the Institute 
for Atomie Research. 


P. V. Cardon has been appointed consultant in 
agriculture to the Southern Regional Education 
Board. Dr. Cardon, until his retirement last year, 
was administrator of the U. S. Department of Agri- 
culture’s research program. At present he is director 
of the Department of Agriculture Graduate School. 
In his new assignment Dr. Cardon will work with 
Southern colleges and universities and experiment 
station directors of the Southern region. 


James V. Dell’Aquila, chemical engineering student 
at Clarkson College of Technology, Potsdam, N. Y., 
has received the second Junior Horatio Alger Scholar- 
ship of the American Schools and Colleges Associa- 
tion. The scholarship for the honor student is de- 
signed to make the traditional “rags to riches” process 
a little less difficult. 


Gaston Dupouy, director of the Centre National 
de la Recherche Scientifique, Paris, is visiting the 
U. S. at the invitation of the Department of State 
under the Point 4 program. Dr. Dupouy will remain 
in this country until Oct. 10. During his stay he will 
tour outstanding American research establishments 
in all phases of scientifie research to obtain firsthand 
acquaintance with the progress and accomplishments 
of science in this country. 


Ernst Horber, of Zurich, will do research in en- 
tomology at Kansas State College on the develop- 
ment of cereal crop varieties resistant to stem mag- 
gots, Hessian flies, and other insects and mites. He 
also will observe and study the influence of crop 
rotation on insect populations. He will attend Kansas 
State on a grant of the International Institute of 


Education, made through the U. S. State Depart- 
ment. 


Amos G. Horney, of the Air Research and De- 
velopment Command’s Office of Scientifie Research, 
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has received an appointment as Air Force member 
of the National Research Council’s Chemistry and 
Chemical Technology Division. Dr. Horney, chief of 
the Office of Scientific Research’s Chemistry Divi- 
sion, succeeds Edward P. Mechling, Commanding 
General of ARDC’s Air Force Armament Center, 
Eglin AFB, Fla., whose three-year term expired 
recently. Dr. Horney’s term will expire June 30, 
1955. 


R. A. Humphrey has been appointed to the techni- 
cal staff as engineer, Research and Development, of 
the Mycalex Corporation of America, Clifton, N. J. 
Mr. Humphrey was formerly associated with Owens- 
Corning Fibreglas Corporation and more recently 
with the Electrotechnical Laboratory of the Bureau 
of Mines at Norris, Tenn. At the Bureau of Mines 
he was in charge of pilot plant production of syn- 
thetic mica. 


Henry H. Kessler, orthopedic surgeon and medical 
director of Kessler Institute for Rehabilitation, West 
Orange, N. J., is the first recipient of newly estab- 
lished Physician’s Award, an illuminated seroll given 
for distinguished contribution to welfare and em- 
ployment of the physically handicapped. The award 
will be made at Chicago in January at the Congress 
of Industrial Medicine. 


D. L. Klingman has become regional coordinator 
for the Weed Research Program of the Bureau of 
Plant Industry, Soils, and Agricultural Engineering 
activities in the North Central states. On Jan. 1, 
he will move to the regional office at the University 
of Missouri. He replaces L. M. Stahler, who has be- 
come associated with the research program of the 
Pacific Borax Company in Los Angeles. Richard 
Behrens has also joined the Division of Weed In- 
vestigations of the Bureau and is engaged in studies in 
brush control in cooperation with the Texas Agricul- 
tural Experiment Station. He is located at College 
Station. 


William Edward Leahy, president of Columbus Uni- 
versity, Washington, D. C., and Selective Service 
director for the District of Columbia, has been ap- 
pointed a member of the U. S. Atomic Energy Com- 
mission’s Personnel Security Review Board, succeed- 
ing the late Bruce D. Smith, who resigned from the 
board last February. The three-member Personnel 
Security Review Board was created in 1949, to re- 
view and make recommendations concerning specific 
personnel security cases that may arise under the 


commission’s administrative review procedure. It also. 


advises the commission on policy matters regarding 
personnel security. Its chairman is Ganson Purcell, 
and the other member is Arthur S. Flemming. 


Chester A. Lindstrom, chief of Motion Picture 
Service of the U. 8. Department of Agriculture, has 
retired after more than 42 years of government ser- 
vice. Successor to Mr. Lindstrom will be Walter K. 
Scott, who has been chief of production in Motion 
Picture Service since 1946. Appointed chief of Motion 
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Picture Service in 1944, after serving several years as 
associate chief, Mr. Lindstrom supervised the pro- 
duction of more than a thousand educational agricul- 
tural films. 


H. H. Magdsick, illuminating engineer with the 
General Electric Company, Nela Park, Cleveland, has 
received the 1952 IES Gold Medal, awarded annually 
for the purpose of giving recognition to meritorious 
achievement which has conspicuously furthered the 
profession, art, or knowledge of illuminating engi- 
neering. 


Carl A. Menzel, former manager of the Housing 
and Cement Products Bureau, Portland Cement As- 
sociation, has been appointed consultant on concrete 
technical problems. Succeeding Mr. Menzel as man- 
ager of the bureau is S. H. Westby, assistant manager 
since 1945. In 1951, Mr. Menzel won the annual 
Award of the Concrete Reinforcing Steel Institute; 
he has also received the Dudley Medal of the American 
Society for Testing Materials and the Wason Medal 
of the American Concrete Institute, for outstanding 
development work in the concrete field. 


Jean Oliver, professor of pathology at the Medi- 
eal College of the State University Medical Center 
in Brooklyn, is to be awarded the William Wood 
Gerhard Medal for “Zeal in Research.” The award will 
be made at the Nov. 13 meeting of the Pathological 
Society of Philadelphia. The medal was established 
in 1925 by the society in honor of William Wood 
Gerhard, its first president in 1838. 


H. S. Osborne, chief engineer of the American 
Telephone and Telegraph Company, who retired in 
August, has been elected president of the Interna- 
tional Electrotechnical Commission. The commission, 
which has been holding council and technical com- 
mittee meetings in Scheveningen since early this 
month, is the international coordinating body in the 
electrotechnical standards field. Dr. Osborne is presi- 
dent of the U. S. National Committee, an affiliate 
of the Electrical Standards Committee of the Amer- 
ican Standards Association. 


W. I. Shaw, plant superintendent of Central Paint 
& Varnish Works, Brooklyn, has been made general 
manager, coordinator of production, Technical Re- 
search and Development. 


Charles B. Spaulding, formerly professor of soci- 
ology and economies at Whittier College, has been 
named associate professor of sociology at Santa Bar- 
bara College of the University of California, and the 
position of registrar has been filled by Paul W. 
Wright, who was director of student personnel and 
head of the education department at Westmont 
College. 


E. S. Stateler, food consultant for the Wahl-Henius 
Institute, Chicago, has been appointed professorial 
lecturer in food engineering at Illinois Institute of 
Technology. Mr. Stateler joined the Wahl-Henius In- 
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stitute, a consulting and research facility for the brew- 
ing and baking industries, in 1951. 


G. P. Putnam’s Sons have appointed Norman 
Taylor, formerly on the staff of the New York Botani- 
eal Garden and editor of Taylor’s Encyclopedia of 
Gardening, chief adviser in the nature field. He will 
undertake the revision of certain titles in Putnam’s 
“Nature Field Book Series,” and will also assist in 
arrangements for additions to this series and to the 
Putnam’s “Beginner’s Guides to Nature Series.” 


Gerald S. Wellman has been appointed vice presi- 
dent in charge of development at Case Institute of 
Technology. 


Helen L. Witmer has been appointed director of 
the division of research of the Children’s Bureau. 
Miss Witmer was director of fact-finding for the 
Mideentury Conference on Children and Youth, held 
in 1950, and has since served as research consultant 
on the Children’s Bureau staff. 


Education 


The following have joined the staff of the Chem- 
istry Department of the University of Arkansas: Jacob 
Sacks, of Brookhaven National Laboratory, associate 
professor of biochemistry; and Thomas C. Hoering, 
of Washington University, assistant professor of 
chemistry. Berol L. Robinson, of Johns Hopkins, 
has joined the Physics Department as assistant pro- 
fessor. 


Cornell University plans to televise experiments 
in freshman and sophomore physics courses beginning 
this fall. A midget television camera, developed by 
RCA for industrial and related uses, has been lent 
to the university, which has provided two 21-inch 
viewers. Staff members who will use the equipment 
are Guy E. Grantham, F. L. Moore, Jr., Herbert 
F. Newhall, and D. H. Tomboulian. 


The fourth Edison Foundation Institute will be held 
Nov. 24-25 at Glenmont, Thomas Edison’s home in 
Llewellyn Park, West Orange, N. J. It will be 
sponsored by the foundation and the New Jersey 
State Department of Education and will explore 
ways that industry and education can work together 
at the elementary and secondary school levels to 
enable students to obtain a basic understanding of 
our economy, the fundamental role played by engi- 
neering and science in that economy, and the need to 
encourage more high school students to choose careers 
in such fields. Fifty educators and civie leaders will 
participate. 


The Institute for Fluid Mechanics and Applied 
Mathematics at the University of Maryland will hold 
its first public lectures Oct. 15-16, when D. C. Spencer, 
of Princeton University, will speak on Green’s opera- 
tors. On Nov. 19-20, Walker Bleakney, of Princeton, 
will diseuss shock waves in gases. Weekly seminars 
which began Sept. 22 are being held on Wednesdays 
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and Thursdays. Colloquia on applied mathematies and 
mechanies will be held each Friday. For full infor- 
mation concerning the program, including research 
positions and research fellowships, address the insti- 
tute at College Park, Md. 


Washington University has appointed George E. 
Pake chairman of the Department of Physies, sueceed- 
ing Arthur L. Hughes, who will continue as professor 
of physies. Eugene Feenberg will be on a year’s leave 
of absence as visiting professor of physies at Prince- 
ton, and Robert N. Varney and Robert D. Sard have 
returned from leaves of absence. Henry Primakoff 
and Dr. Sard have been appointed full professors, 
Dr. Pake has been promoted to associate professor, 
and Martin Annis and Jonathan Townsend have been 
made assistant professors. 


Yale University’s School of Engineering will cele- 
brate its centennial Oct. 24-25, with lectures, special 
exhibits, and a formal dinner. Two Silliman lectures 
will be given, one by C. Guy Suits, of General Elee- 
trie, on “The Engineer and the Fundamental Sci- 
ences,” and one by John R. Dunning, of Columbia 
University, on “The Engineer Comes of Age.” At 
the dinner meeting, E. Carlisle Hunter will preside, 
and A. Whitney Griswold and T. Keith Glennan will 
speak, 


Grants and Fellowships 


Applications for awards under the Fulbright Act 
for research in Finland, the Federal Republie of 
Germany, Greece, and Iraq must be filed before 
Oct. 15 for work in 1953-54. Applications for lecture- 
ships in Finland and Germany will not be accepted 
until the spring of 1953, however. For full informa- 
tion and application forms, address Executive Seere- 
tary, Conference Board of Associated Research Coun- 
cils, Committee on International Exchange of Per- 
sons, 2101 Constitution Ave., Washington 25, D. C. 


The Social Science Research Council, 726 Jackson 
PL, N.W., Washington 6, D. C., has funds available 
for research training fellowships, area research train- 
ing fellowships, travel grants for area research, 
grants-in-aid of research, and faculty research fellow- 
ships. Closing date for applications will be Jan. 5. 


The Steam Locomotive Research Institute, Inc., has 
been dissolved, and has presented $40,000 of its funds 
to the Stevens Institute of Technology to establish 
scholarships for the sons of railroad men to enable 
them to obtain an engineering education. 


The 1952 board of judges for the AAAS-George 
Westinghouse Science Writing Awards is composed of 
Morris Meister, principal of the Bronx (N. Y.) High 
School of Science (chairman); James A. Linen, pub- 
lisher of Time; Henry P. Aldrich, secretary, Geo- 
logical Society of America; Geoffrey Edsall, director 
of Biologic Products, Army Medical Center; John 
R. Dunning, dean of the Faculty of Engineering, 
Columbia University; Rudolph Flesch; Charles C. 
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Hemenway, former editor of the Hartford (Conn.) 
Times; Hillier Krieghbaum, of New York University 
School of Journalism; and Howard A. Meyerhoff, 
AAAS. These men, representing education, journal- 
ism, and science, will select the two magazine and 
newspaper stories which, in their opinion, exhibit the 
best science writing published in the past year in 
such media. Prize winners will receive $1000 each 
and an expense-paid trip to the AAAS Annual Meet- 
ing in St. Louis next December. For entry blanks 
and full information, write, wire, or telephone the 
Managing Committee of the Awards, 1515 Massachu- 
setts Ave., N.W., Washington 5, D. C. 


In the Laboratories 


Mellon Institute has established a Division of 
Microbiology that will funetion in the Department of 
Analytical Chemistry. The new division will be avail- 
able to research departments and fellowships of the 
institute, for specialized advice and short-time studies. 
William W. Leathen, a Mellon fellow since 1946, will 
head the division. His research experience has in- 
eluded the investigation of mine acid control, varia- 
tions of hemolytic streptococci, bacteriological oxida- 
tion of ferrous iron, and the effect of industrial 
wastes on the bacteriological flora of streams. 


The Research Institute for Iron, Steel and other 
Metals, of the University of Tohuku, Sendai, Japan, 
has installed the first helium liquefier in Asia, for 
research to be done in the Low Temperature Research 
Laboratory. Among those conducting the research will 
be Eizo Kanda. Yoshio Shibuya, and Tadao Fukurai. 
Arthur D. Little, Ine., designed and installed the 
ADL Collins Helium Cryostat that will be used. 


Schwarz Laboratories, Inc., is moving its adminis- 
trative offices and analytical laboratories from New 
York City to Mount Vernon, N. Y., where its manu- 
facturing plant, research laboratories, and fine chem- 
ieals division are located. 


Sinclair Chemicals, Inc., has been formed by Sin- 
clair Oil Corporation to expand operations in the 
field of petrochemicals. The new subsidiary, of which 
P. C. Spencer, president of the parent corporation, 
will be president, will utilize the facilities of Sinclair 
Research Laboratories, but will also have its own re- 
search staff and market development department. 
John A. Scott, manager of Sinclair’s petrochemical 
division since its inception, will be executive vice 
president. 


Helen E. Duell, of Alfred University, has joined the 
research staff of Smith, Kline & French Laboratories, 
as a literature scientist, and Paul A. Mattis, of 
Western Reserve University School of Medicine, has 
become head of the Pharmacology Section. 


Westinghouse Air Brake Company and its subsidiary 
and affiliated companies, including European, will 
be served by a new research laboratory, of which 
Thomas Meloy will be director. Dr. Meloy is presi- 
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dent of Melpar, Inc., Alexandria, Va., a subsidiary. 
He will be chairman of a research and development 
committee representing various divisions of the com- 
pany. 


Meetings and Elections 


The American Academy of Forensic Sciences will 
hold its annual meeting Feb. 26-28 at the Drake 
Hotel, Chicago. Those planning to present papers 
should submit their titles to Milton Helpern, program 
chairman, 106 E. 85th St., New York 28, before Dec. 1. 
The Society for the Advancement of Criminology will 
hold an interim meeting Feb. 24 at Northwestern 
University Law School, Chicago, immediately pre- 
ceding the meeting of the academy. Ralph F. Turner, 
Department of Police Administration, Michigan 
State College, Lansing, is program chairman. 


The American Cancer Society will hold its Annual 
Meeting Scientific Session at the Park Sheraton 
Hotel, New York, Oct. 21-22. General theme will be 
“Radiations versus Cancer: A Critical Evaluation,” 
and various aspects of this topic will be considered 
by Ross Golden, Laurence L. Robbins, Paul C. 
Hodges, Edith Quimby, Simeon T. Cantril, Hermann 
Liseo, James J. Nickson, Richard H. Chamberlain, 
Maurice Lenz, Roger A. Harvey, Gilbert H. Fletcher, 
and Eugene P. Pendergrass. Among the discussants 
will be a number of U. S. investigators and the fol- 
lowing scientists from abroad: H. L. Kottmeier, 
Radiumhemmet, Stockholm; Francois Baclesse, Curie 
Institute; M. Lederman, Royal Cancer Hospital, 
London; and Jens Nielsen, Radium Center, Copen- 
hagen. The foreign visitors will also speak on the 
program and will participate in a round table on 
“End Results in the Treatment of Uterine Cancer,” 
during which Howard C. Taylor, Jr. will be modera- 
tor. 


The American Society for Testing Materials has 
elected Robert J. Painter executive secretary to suc- 
ceed C. L. Warwick, who died Apr. 23. Raymond E. 
Hess was made associate executive secretary and 
editor-in-chief. 


The American Society of Tropical Medicine and 
Hygiene and the American Academy of Tropical Medi- 
cine, both affiliated with AAAS Section N, will hold 
a joint annual meeting at the Hotel Galvez, Galves- 
ton, Texas, Nov. 13-15. In addition to the scientific 
sessions and annual business meeting, symposia will 
be held on “Toxoplasmosis” and “Sanitary Engineer- 
ing in the Tropies.” 


The third annual meeting of the Animal Care Panel 
will be held at the University of Illinois, Chicago 
Professional Colleges, Dee. 3-4. Programs, ready for 
distribution this month, may be obtained by writing 
to Bennett J. Cohen, secretary, Northwestern Univer- 
sity Medical School, 303 E. Chieago Ave., Chicago, 
Til. 


The recently formed Committee for the Scientific 
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Study of Religion will meet in New York Dee. 26-27. 
Social scientists who would like to present papers 
should send abstracts of not more than 300 words to 
Taleott Parsons, Department of Social Relations, 
Harvard University. 


The third Conference on High-Frequency Measure- 
ments will be held at the National Bureau of Stand- 
ards, Jan. 14-16, under the joint sponsorship of the 
American Institute of Electrical Engineers, the In- 
stitute of Radio Engineers, and NBS. The conference 
will be devoted exclusively to techniques and prob- 
lems, with particular emphasis on new developments. 


The Genetics Society of America has elected Roy 
E. Clausen president, W. Ralph Singleton vice presi- 
dent, Clarence P. Oliver secretary (for a three-year 
term), and has re-elected Ernst Caspari treasurer. 
Curt Stern was elected for a three-year term as a 
member of the Public Education and Scientifie Free- 
dom Committee. 


A joint meeting of the Society of American Forest- 
ers and the Canadian Institute of Forestry will be held 
in the Mount Royal Hotel, Montreal, Nov. 17-20. The 
program, on the theme “Trends in North American 
Forestry,” will have 100 speakers in two general and 
seven technical sessions. 


Miscellaneous 


The Bjorksten Research Foundation has been formed 
by the Bjorksten Research Laboratories to explore 
problems that may not have an immediate com- 
mercial application. Among those scheduled for 
foundation study are the biochemical changes ob- 
served in the aging of living tissues. Four classes of 
foundation membership have been set up: sustaining, 
life, corporate, and honorary. Trustees are Johan 
Bjorksten, Luther L. Yaeger, John B. Eisen, John H. 
Stephan, Rolph Darbo, John D. Ferry, and Durward 
O. Guth. 


At the conclusion of the first year’s work of the 
Building Research Advisory Board, the Defense Pro- 
duction Administration has extended its contract 
with the National Academy of Sciences for an addi- 
tional year. The report of the first year of Study 
of Conservation in Building Construction is available 
at $3.50 from the Office of Technical Services, U. S. 
Department of Commerce, Washington 25, D. C. 


Under the provisions of the Colombo Plan for the 
economic development of South and Southeast Asia, 
a contract has been awarded to the Photographic 
Survey Corporation Limited, of Toronto, extending 
over a period of four years, for the purpose of making 
an aerial survey of Pakistan. The mapping should 
be completed by the end of 1954, at which time the 
geologists will return to Canada to prepare their 
reports. Results of their studies will be plotted on 
maps that will be accompanied by a geological report 
to the Pakistan government. Top priority has been 
given to the Nari-Bolan Project, involving an irriga- 
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tion program; the Upper Indus River, between Swat 
and Mianwali; the Quetta-Kalat block, and the Thal 
Project. Provision has been made for the prepara- 
tion of large-scale maps of Karachi and Hyderabad 
and their environs for the purpose of town planning. 


Chemicals wanted by the Registry of Rare Chemi- 
cals, 35 W. 33rd St., Chicago, Ill, inelude: beryllium 
molybdate; hydroxy magnesium aminoacetate; so- 
dium tetrathionate; pyroarsenie acid; titanium disul- 
fide; ascaridole; brassylic acid; cerotie acid; ethyl- 
dimethyleetylammonium chloride; 5-hydroxymethyl 
furfural; 1-nitrohexane; octahydrophenanthrene; 
divinyl sulfone; tetraphenylarsonium chloride; p- 
tagatose; anserine; enterokinase; pyrithiamine: 
steapsin; and xanthotoxin. 


W. C. Russell, executive secretary of the Rutgers 
University graduate faculty for a number of years, 
was recently named dean of the newly created Gradu- 
ate School. Dr. Russell is also professor of agricul- 
tural biochemistry. 


The Tea Research Institute of East Africa was 
formally opened at Kericho, Kenya, by Philip Mit- 
chell, chairman of the East Africa High Commission 
and Governor of Kenya. B. A. Keen, chairman of 
the governing body and director of the East Africa 
Agriculture and Forestry Research Organization, 
presided over the ceremony. The institute is the only 
research organization in East Africa to be established 
without direct financial support from government 
sources; it is autonomous and receives its entire 
funds from the tea industry. Close liaison has been 
maintained between the institute and the East African 
Advisory Council for Agriculture, Animal Industry 
and Forestry; the Departments of Agriculture; and 
the East African Agriculture and Forestry Research 
Organization. 


Recent visitors at the U. S. Forests Products Labo- 
ratory, Madison, Wis., included J. R. Shairani, Pakis- 
tan; Hubert Mauser, Forestry College, Vienna; 
Eugenio de la Cruz, College of Forestry, Los Banos, 
Philippines; F. Y. Henderson, Forest Products Re- 
search Laboratory, Princes Risborough, Eng.; J. D. 
Brookes, of the Australian Paper Manufacturers Ltd., 
South Melbourne; J. Barerji, Ministry of Food and 
Agriculture, New Delhi; and five visitors from Canada 
—S. W. Milnes and R. C. Rogers of Ayers, Ltd., 
Lachute Mills, Quebee; W. J. Smith, Forest Products 
Laboratory, Vancouver; J. D. MeCrae, National Re- 
search Council, Ottawa; and D. E. Kennedy, Forest 
Products Laboratory, Ottawa. 


Edwin S. Hamilton and Gunnar Gunderson will 
attend the sixth general assembly of the World Medi- 
cal Association, to be held in Athens Oct. 11-17, as 
official delegates of the American Medical Association. 
Austin Smith and Dwight H. Murray will attend as 
alternates. Others who will attend the sessions are 
George F. Lull, Louis H. Bauer (AMA president 
and secretary-general of WMA), Elmer L. Hender- 
son, and R. L. Sensenich. 
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Technical Papers 


A Device for High-Intensity, Vacuum- 
Irradiation of Small Samples at 
Controlled Temperatures* 


C. S. Bachofer 


Department of Biology, 
University of Notre Dame, Notre Dame, Indiana 


The device illustrated in Fig. 1 represents a simple 
type of controlled-temperature chamber which permits 
vacuum-irradiation of small samples at high dose 
rates. It is adapted to rapid transfer of samples, and 
has been used extensively by the author for x-irradia- 
tion of dried bacteriophage at temperatures as low as 
— 196° C, as well as for enzyme preparations. The spe- 
cial features of the device are: 


1. A high vacuum can be maintained within the cham- 
ber. This is made possible by the special beryllium-window 
x-ray tube (A) which features a machined flange (D) 
with gasket as part of the housing surrounding the beryl- 
lium window. Between the target and the sample (EZ) 
only the beryllium window (C) intervenes. If desired, 
filters can be inserted above the plate in the space be- 
tween the x-ray tube housing and the metal plate which 
attaches to the housing. These can be inserted when the 
plate is fastened to the housing. As an alternate, simpler 
process, circular filters can be inserted in the small alumi- 
num cups and held a given distance above the irradiated 
sample (#). Either method obviously does not interfere 
with the vacuum. 

2. The material to be irradiated (Z) is placed in small 
aluminum cups, which ean be quickly locked in place by 
means of a bayonet clamp on the top plate. When locked 
in place, the material of each sample is in exactly the 
same position relative to the x-ray beam (B). The ma- 
terial in each cup ean be dried, chemically treated, frozen, 
or given other treatments prior to irradiation. The bottom 
of the cup is molded into proper shape to give the desired 
sample geometry. Aluminum was used, not only because 
it is easily molded but because it also assures rapid heat 
transfer. 

3. By means of two outlets (K, L), connected through 
the plate which supports the device, a vacuum can be 
obtained, gases can be introduced into the chamber, or 
the chamber can be easily sealed off from the outside 
atmosphere. A manometer for preliminary checking of 
pressure and a small McLeod gauge (P) for checking 
more accurately the higher vacua are included in the 
lines, 

4. A spring clip (G@) fastened to the upper plate holds 
a thermocouple (H) firmly against the bottom of the 
aluminum cup. Copper-constantan thermocouple wires in 
glass braid are recessed into the upper plate and extend 
to a portable precision potentiometer (N) (Leeds & 
Northrup, No. 8662) for registering the temperature at 
the point of irradiation. We have determined experi- 
mentally that discrepancies in temperature above and 
below the bottom of the aluminum eup, with which the 
thermocouple is in contact, are not greater than 1% once 

1 This paper represents a part of the research performed 


under Contract No. AT(11-1)-205 between the Atomic Energy 
Commission and the University of Notre Dame. 
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the chamber has reached equilibrium at a given tempera- 
ture and once the vacuum has been obtained. 

5. A metal chamber (/), with bayonet clamp at the 
top, surrounds the aluminum cup. In this chamber is 
placed about 50 ml of liquid, chcsen according to the 
freezing point of the liquid and the temperature of irradi- 
ation desired. For temperatures above 0° C, water serves 
well; for temperatures below 0° C, various organic sol- 
vents. On the inside of this metal chamber is wrapped an 
insulated resistance wire (J) with leads extending outside 
to a variable voltage transformer (M). 

6. Outside the whole arrangement is a Dewar flask (J), 
preferably strip-silvered, in order to facilitate checking 
the level of the medium used for cooling. 


Since the x-ray tube is adjustable, the tube and at- 
tached device are lowered into the cooling medium in 
the Dewar flask. With everything ready for irradia- 
tion, the temperature can be controlled by simply 
utilizing the outer medium in the Dewar flask as the 
cooling agent, and the inner medium in the metal 
chamber as the warming agent, the heat being pro- 
vided by resistance wires. The device obviously works 
most efficiently when the differential in temperature 
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Fic. 1. Diagram of device for controlling temperature dur- 
ing high-intensity irradiation of microorganisms and other 
small samples in vacuo: (A) x-ray tube, (B) x-ray beam, (C) 
beryllium window, (D) x-ray tube housing, (2) sample, (F) 
metal chamber containing temperature-controlling liquid, (G) 
spring clip to hold thermocouple (#), (7) resistance wires, (J) 
Dewar flask, (K, L) evacuation outlets, (Mf) variable voltage 
transformer, (N) potentiometer, (0) manometer, (P) McLeod 
gauge. 
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between the outer medium and the inner medium is 
smallest. For example, at temperatures of 0° C and 
higher, an ice bath for the outer medium is most eco- 
nomical; for temperatures of —- 78° C and higher, solid 
CO, in aleohol or acetone works well; for tempera- 
tures of — 196° C and higher, liquid nitrogen can be 
used as the outer medium. 

When only a set temperature, such as that of liquid 
nitrogen or solid CO,, is desired, the metal chamber 
(F) between the Dewar flask and the aluminum cup 
can be eliminated from the device, thereby allowing 
the outer liquid to bathe the aluminum eup directly. 
This reduces boiling, particularly of the liquid nitro- 
gen, and allows longer periods of irradiation without 
the necessity of replenishing the nitrogen. 

For irradiation problems in which it is impossible 
to use a vacuum because of the type of material to be 
irradiated, but in which it is necessary to control con- 
tact with the atmosphere, one may simply insert the 
eup and close all connections, thereby assuring a defi- 
nite, limited amount of air for all samples. One may 
flush the chamber with special gases, or one may ir- 
radiate with a flow of gas through the chamber. 

The problems to which one can adapt this device 
are, in fact, many. 


Manuscript received August 8, 1952. 


An Oscillographic Plethysmograph 
Using a New Type of Transducer 


F. A. Simeone, J. J. Cranley, A. M. Grass, 

R. R. Linton, and R. B. Lynn 

Department of Surgery, Massachusetts General Hospital, 
Boston, and Department of Surgery, 

Western Reserve University School of Medicine, 

City Hospital, Cleveland, Obio 


In recent years, several devices have been described 
for studying the circulation in the human digit (1-5). 
In order to detect the small pulsations in the digits of 
patients with obliterative arterial disease of the ex- 
tremities, it was found that an instrument of much 
higher sensitivity than those previously developed was 
necessary. Since the mechano-optical systems already 
in use appear to have reached the limits of sensitivity 
for that type of recording, it was decided to explore 
the possibility of transducing mechanical into elee- 
trical changes and of magnifying such changes by 
means of vacuum tube amplifier techniques. 

The high sensitivity of the RCA transducer tube 
(No. 5734) looked attractive at first, and it was in- 
corporated into a suitable sensitive bellows. Although 
such a system had the desired sensitivity, the electric 
circuits for it required such a high degree of stabiliz- 
ing as to make the system impractical for clinical use. 
The available unbonded pressure strain gauges were 
next explored. Although these possessed high degrees 
of sensitivity, they lacked necessary ruggedness, and 
at high amplifications artifacts commonly resulted 
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from minute mechanical vibrations of the freely sus- 
pended resistanee wire forming the bridge arms. 

The principle of the bonded strain gauge was finally 
adopted in order to avoid the artifacts of the un- 
bonded gauge. Since such a transducer suitable for 
plethysmography was not available, efforts were di- 
rected toward developing one. 

A suitable cantilever beam was constructed of 24ST 
aluminum (selected for its low modulus of elasticity). 
Four sets of resistance wires were bonded to the ean- 
tilever, two sets on each side of the beam, and con- 
nected as a Wheatstone bridge.’ Deflection of the beam 
in one direction or the other causes pairs on the oppo- 
site sides of the bridge to inerease or decrease their 
resistances, thereby unbalancing the bridge. This elee- 
trical unbalance was the quantity amplified and meas- 
ured. Rugged stops in the transducer prevented move- 
ment of the diaphragm and cantilever beyond safe 
limits. 

At first the gauge, too, was attached to a sensitive 
bellows. After clinical testing, the bellows was rejected 
because it lacked adequate mechanical stability, was 
too easily excited by vibration, and had a highly un- 
damped low frequency resonance. It became apparent 
that what was needed was a membrane or diaphragm 
that would move in only one plane, would have low 
inertia and low hysteresis, would be flexible linearly 
over a large range, and would have a low spring eon- 
stant. Many diaphragms, both metallic and plastic, 
were studied, until one was finally built which met 
the requirements. It was made of bakelite-impregnated 
woven nylon thread shaped according to the general 
suggestions of the Bureau of Standards for barometer 
diaphragms. When this diaphragm was connected to 
the cantilever bearing the bonded strain gauge, a 
transducer was produced that fulfilled the desirable 
qualities outlined above (Fig. 1). 


BONDED S-¢ 
STANCE CONNEC’ 
STRAIN GAUGES 
‘CANTILEVER BEAM 
Port 
DIAPHRAGM 


cross ‘SECTION 
LOW PRESSURE TRANSDUCER 


Fic. 1. Diagram of the Grass low-pressure transducer. 


The transducer described is very rugged; serious 
damage does not oceur even if it is dropped or other- 
wise mishandled. Mechanical resonance is in one diree- 
tion only and is well above the frequency range of 
components of the circulatory pulse wave. It is inher- 
ently properly damped so that liquid transmission can 
be employed in most situations if indicated. Even with 

1The process of bonding the resistance wire to a sensitive 
cantilever beam is intricate and requires long experience to 
obtain a hysteresis-free linear gauge. A. C. Ruge, who de- 


veloped the Baldwin S-4 gauge, cooperated in performing 
this all-important operation. 
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RESPONSE OF PEN TO INJECTION 
OF WATER AND AIR 


20] 
AIR 


VOLUME INJECTED ICC) 


Fic. 2. Curves relating oscillographic response (ordinates) 
to volume changes within the transducer (abscissae). The 
curves show linearity of response at high amplification and 
close similarity of response when air (circles) and when 
water (dots) are used as transmission media. The same 
linearity and relationships are demonstrable when larger 
volumes of air or water and lower amplifications are used. 


amplification to noise level no hysteresis can be de- 
tected. The transducer is stable, extremely sensitive, 
and is linear in response from pressures at least as 
low as 0.1 mm Hg to pressures of 20 mm Hg, the me- 
chanical limit of the present transducers (Fig. 2). The 
over-all spring constant of the instrument and its 
large effective pressure area permit displacements of 
the diaphragm by large changes in volume without 
developing high pressures (Fig. 3). The transducer is 
therefore “volume-sensitive” and is particularly suited 
to studies of the peripheral circulation, because no 
back pressure is created that would interfere with the 
capillary circulation or would produce artifacts by 
pressure-displacement of the oncometer. 

Because of the low spring constant of the trans- 
ducer, and because of its large volume, there is little 
difference between the responses of the gauge when 
a compressible (air) or a noncompressible (water) 
transmitting medium is used. The ratio between air- 
medium and water-medium responses is 8:9 and is 
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Fic. 3. Curves relating pressures developed within the 
transducer (ordinates) to volume of air (dots) and of water 
(squares) injected (abscissae). In dealing with such large 
volumes extremely low amplification had to be used (pre- 
amplifiers out of the circuit). 


356 


nearly constant over the whole range of responses 
(Figs. 2 and 3). Similar ratios for commercially avail- 
able unbonded gauges, designed to measure relatively 
large pressure changes with very small changes in 
volume, vary from 1:10 to 1:2. When using the 
transducer described above, it matters little whether 
water or air is used as the transmitting medium from 
the oncometer to the gauge. Air is usually the more 
convenient. 

The Grass Electroencephalograph was chosen as the 
amplifier recording system, since it is the most sensi- 
tive multichannel instrument that has the proper fre- 
queney range, and since it is generally available in 
medical facilities. It is modified by the addition to the 
standard instrument of a balance-demodulator unit 
which permits the recording of absolute electrically 
transduced volume changes by converting the elec- 
troencephalograph to a carrier frequency system. The 
unit contains the necessary balance for the strain- 
gauge bridge and energizes it with line frequency 
alternating current. The combined apparatus takes ad- 
vantage of the high stability of this type of strain 
gauge and avoids the use of inherently unstable high- 
gain d-c amplifiers. 

The demodulator eliminates the carrier alternating 
current from the signal after high amplification and 
at high signal level. The envelope of the carrier is the 
signal corresponding to the initial mechanical modu- 
lation of the transducer in response to changes in 
volume within the oncometer. The demodulated signal 
is direct-coupled to the grids of the last stage of the 
power amplifier which drives the oscillograph. The 
electrical sensitivity of the instrument is such that 
at high amplification a bridge unbalance of 0.1 pv re- 
sults in a pen deflection of 1 mm. Unlike the electro- 
encephalograph without demodulators, this instrument 
will record absolute values for volumetric changes with 
linearity of frequency response to at least 20 e/see. 

Three Luer-type ports are provided on the trans- 
ducer (Fig. 1), any or all of which can be fitted with 
accurately machined plungers that can introduce 
known volumes (0.002 ml, 0.005 ml, and 0.010 ml) 
into the transducer which holds 5.0 ml, in neutral posi- 
tion. To avoid the difficulties of reading the calibra- 
tion signal superimposed upon the pulse waves from 
the digit in the oncometer, the calibration may be done 
with the digit out of the system and the oncometer 
replaced by a syringe, the plunger of which is set 
at a volume corresponding to the volume of the on- 
cometer minus the volume of the digital part being 
studied. The oscillographie response to the injected 
calibration volume will then be the same as would 
obtain if the known volume were injected into the sys- 
tem with the oncometer containing the digit, but 
minus the digital pulse (Fig. 4). In fact, since this is 
a volume-sensitive transducer, large variations in the 
total volume of the oncometer and transducer com- 
bined have very little effect upon the sensitivity of 
the instrument. For instance, increasing the volume of 
the entire system by 400% (5-25 ml) decreases the 
sensitivity to a 0.010 ml calibration by only 5.4%. 
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Therefore, minor errors introduced by inaccuracy of 
measurement of the volume of the system are in- 
significant. 


Fic. 4. Volumetric calibrations: A, Ten mm® air injected 
with digit in oncometer. Response to volume change is super- 
imposed on digital pulse waves. B, One mm* air injected into 
“dummy” oncometer system minus the digit. Amplification at 
noise level. Note sensitivity and speed of response. 


The demodulator is further equipped with a push- 
button switch which throws a known resistance across 
one arm of the strain gauge bridge for purposes of 
calibration. Once the oscillograph response to this sig- 
nal has been matched with that from the volumetric 
plunger, this resistance calibrator can be used for 
conversion of the record to volume changes at any 
amplification throughout the experiment. ; 

Lack of sensitivity in the instruments generally 
available has been a limiting factor in plethysmogra- 
phie studies of the peripheral cireulation in man. 
When reflex vasoconstriction is induced by exposure 
to an environmental temperature of 20° C, most pa- 
tients with vasospastie disease, many patients with 
arteriosclerosis, and some normal individuals fail to 
show a recordable pulse wave. The sensitivity of the 
oscillographie plethysmograph is such that it fails to 
record a digital pulse wave only in far advanced ar- 
terial disease or in complete acute arterial occlusion. 
Under these conditions the digital blood flow may be 
nonpulsatile or nonexistent. 

Fig. 5 illustrates records obtained in studies of the 
peripheral circulation in man. Section 1 of the figure 
shows the digital pulse wave in a normal subject. 


3. GPPECT OF NEATH On VOLINE OF PINGER TIP 

4. DIGITAL BLOOD FLOW, VENOUS OCCLUSION METHOD. 
Fic. 5. Sample plethysmograms to illustrate application of 
the instrument to studies of the digital volume and pulse 


wave and to studies of the rate of blood flow in the periphery 
by the venous occlusion method. 
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Fic. 6. Digital pulse waves from toes of a patient with 
severe arteriosclerosis. Environmental temperature: 20° C. 
At arrow (10:22 a.M.) both arms were immersed in con- 
stantly circulated water at 45° C. Upper record, left second 
toe; lower record, right second toe. Maximum pulse volume 
recorded represents 7.5 10° mm*/10.0 cc of part. Time 
marker, 6 sec. 


Greater detail of the pulse wave contour can be ob- 
tained with faster paper speeds. Slow changes in 
digital volume are accurately recorded (Sect. 3, Fig. 5) 
with suitable adjustment in the amplifier gain aceord- 
ing to the magnitude of the volume change expected. 
The rate of blood flow in the digit can be measured 
by the venous occlusion method (Sect. 4, Fig. 5) with 
negligible artifact. The volume change is expressed 
in mm*/10 ce of the part studied. The pulse wave 
obtainable in a patient with moderately advanced ar- 
teriosclerosis is shown in Section 2 of Fig. 5, illus- 
trating a fivefold increase in pulse volume when the 
digital vessels were released from vasomotor control 
by blocking the posterior tibial nerve with procaine. 

Fig. 6 is a record of digital pulse waves from the 
left (upper tracing) and the right (lower tracing) 
second toes in a patient with very severe arterio- 
sclerosis. He had intermittent claudication in the right 
calf, but not in the left. No arterial pulsations were 
palpable below the femoral arteries. The nearly ab- 
sent pulse on the left, with the greater response to 
reflex vasodilatation (6) on this than on the right 
side, suggests that vasomotor control is more effective 
in the clinically less advanced of the two sides. 

The apparatus can be adapted easily to a variety 
of purposes. In addition to its use as a plethysmo- 
graph, one or more of its channels can be used as an 
electroencephalograph, an electromyograph, an elee- 
trocardiograph, or as an instrument to measure and 
record pressure and volume changes in physiologic 
systems. The transducer may be used for measuring 
differential as well as absolute changes of volume and 
pressure. 
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A Quickly Made Dielectric 
Constant Cell 


Reuben E. Wood 


Department of Chemistry, 
The George Washington University, Washington, D. C. 


The usual method of determining the dielectric con- 
stant of a fluid is to measure the capacitance of an 
electrical condenser when its interplate space is filled 
with the fluid of interest, to measure its capacitance 
when the interplate space is filled with fluids of known 
dielectric constants, and from these measurements to 
ealeulate the dielectric constant sought. Among the 
necessary or desirable characteristics of a suitable 
electrical condenser and container—the cell—are: (1) 
It must be rigid to the extent that no significant change 
in spacing of the conductors will occur with use. (2) 
The magnitude of the cell’s electrical capacitance must 
be compatible with the measuring equipment to be 
used. (3) The ungrounded electrode should be elee- 
trically shielded to prevent capacitance changes re- 
sulting from movement of external objects. (4) It 
should be possible conveniently to thermostat the cell. 
(5) The cell must not be damageable by fluids to be 
put into it nor by temperatures within the temperature 
range over which it is desired to measure dielectric 
constants. (6) Reproducible filling of the cell should 
be easy, as should emptying and cleaning. (7) Often it 
is desirable to minimize the volume of fluid required 
for filling the cell. 

Many embodiments of these characteristics have 
been worked out. The following description is added 
to those already in the literature because the cell to 
be described ean be constructed very quickly from 
readily available parts, and yet it seems to compare 
favorably in performance, versatility, and ruggedness 
with cells of considerably more elaborate design. 

The cell construction needs little description. Two 
holes are bored in the metal shell of a 6H6 radio tube 
(duplex diode), and copper tubes are soldered into 


Fig, 1. Dielectric constant measuring cell and enclosure for 
the thermostating fluid. 
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the holes. This is the cell (Fig. 1). Fluids of known 
and unknown dielectric constant are introduced and 
removed through these tubes, and dielectric constants 
are calculated in the usual way from measurements of 
interelectrode capacitances of the 6H6. Since the shell 
serves as the electrical shield, it is always grounded. 
The measured capacitance will depend on which of the 
other electrodes are connected to the shell and which 
to the ungrounded lead, and the possible variations in 
these connections considerably extend the range of 
dielectric constants that can conveniently be measured 
with a capacitance measuring device of limited range. 

A few details are important. One is that the tube 
should be operated with its axis horizontal, and the 
copper tubes should be inserted as nearly as possible 
at the extreme ends of the vertical diameter. Also, 
since the heaters and plates are perpendicular to the 
tube axis, the mounting and the inlet and outlet holes 
should be so oriented that the heaters and the cylin- 
drical plates surrounding them are roughly vertical. 
These arrangements facilitate completeness of filling 
and emptying and minimize the probability of en- 
trapping bubbles between the electrodes. This type of 
tube has a bakelite stud with a ridge on it for orient- 
ing the tube in its socket. With the two tube samples 
investigated it was found that proper orientation of 
the electrodes was obtained if the guide ridge were 
directly above or directly below the tube axis. 

It is easy to thermostat this cell by enclosing it in a 
jacket through which thermostated water is pumped. 
The jacket comprises a glass tube about 2 in. long and 
of such a diameter as to fit tightly over the tube flange 
when this flange is covered by a piece of thin-walled 
rubber tubing of the type used with Gooch filters. The 
other end of the glass tube is closed by a rubber stop- 
per with 4 holes, 2 for the copper tubes connected to 
the cell and 2 for tubes opening into the jacket 
through which the thermostating liquid flows. It was 
found that unprotected parts of the 6H6 shell rust 
in the water bath. Suitable paint applied where the 
original paint and plating are removed should prevent 
rusting. Certain facts pertinent to the applicability of 
the cell were obtained from RCA concerning their 
6H6. The cathode sleeve is of silicon nickel. The plate 
and shell are of nickel-plated steel. The heater is made 
of a commercial molybdenum-tungsten alloy known 
as “Dowmo.” The orientation of the electrode axes 
with respect to the guide on the tube base is the same 
for all RCA 6H6s. 

In a cell of this type the electrical capacitance varies 
almost linearly with the dielectric constant of the fill- 
ing fluid. The following data were obtained at 25° for 
three of the possible connections. They are expressed 
in terms of AC, the capacitance of the cell when filled 
with benzene (dielectric constant = 2.27) minus its 
capacitance when filled with air. (a) With all elements 
of the tube except the shell connected together and 
capacitance measured between shell and other elee- 
trodes, AC = 3.34 wef. (b) With all elements including 
shell but excepting plate 5 connected together and 
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measuring capacitance between plate 5 and the com- 
bination, AC = 2.34 uuf. (c) With plates 3 and 5, and 
all the other elements, connected together, and the 
capacitance measured between those two combinations, 
AC = 4.53 

To determine the constancy of the cell calibration, 
measurements were made every few days over a period 
of about a month on the same sample of benzene. Each 
time a test was made the capacitance of the cell filled 
with air was first measured. Then the cell was filled 
with the benzene sample, and the capacitance was 
measured. Then the cell was emptied, and the residual 
benzene was evaporated by passing air through the 
cell. These tests were made with the connection de- 
seribed in (c). The values for AC obtained in this 
series of tests were all 4.53+0.01 unf. 

No damage resulted to the cell when steam was 
passed through the jacket. This suggests that the cell 
can be used to measure dielectric constants over a 
considerable range of temperatures. 

About 10 ml of liquid is required to fill the cell. 


Manuscript received February 5, 1952. 


Effect of Organic Solvents on the Emission 
Spectra of Sodium and Potassium in 
Serum and Aqueous Solutions 


George R. Kingsley and Roscoe R. Schaffert 


Clinical Biochemistry Laboratory, Laboratory Service, 
Veterans Administration Center, Los Angeles, California 


A systematic investigation of solvents other than 
water for the dilution of serum for flame photometric 
determination of sodium and potassium has been made 
to discover a solvent which would eliminate some of 
the disadvantages of aqueous dilutions and possibly 
increase the range of measurement of small quanti- 
ties of these elements. 

Concentrations of 10-100% of anhydrous, sodium, 
and potassium free organic solvents in water with 0.3 
mEq sodium and 0.01 mEq potassium added, were 
prepared for the study of the solvents’ effect on the 
flame spectrum of sodium. The same dilutions of or- 
ganic solvents containing 0.2% normal serum for a 
comparative study were prepared. Aqueous solutions 
of the same dilutions of normal serum and of sodium 
and potassium containing 0.02% Sterox® were used 
to represent 0% solvent. All sodium measurements 
were made with 0% solvent set at the 5% transmission 
value on a DU Beckman Spectrophotometer. Slit width 
was set at 0.05 mm (with sensitivity knob set near 0), 
oxygen pressure at 7 lbs, and acetylene at 3 lbs. All 

1 Paper read before the Southern California Section, Ameri- 
ean Association Clinical Chemists, Feb. 5, 1952, Los Angeles. 

2 Reviewed by the Veterans Administration and published 
with the approval of the chief medical director. The state- 
ments and conclusions of the authors are the result of their 
own study and do not necessarily reflect the opinion or 


policy of the Veterans Administration. 
* Sterox, S. E., Monsanto Chemical Company, St. Louis, Mo. 
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Fic. 1. Comparison of the effect of different concentrations 
of organic solvents on the flame spectra of sodium at 589.6" 
in diluted serum and in aqueous solutions, as measured with 
a Beckman Spectrophotometer with flame attachment #9200, 
acetylene-oxygen-burner assembly. Ordinate, relative light in- 
tensity read as % T on instrument's scale. 


the above adjustments were kept constant, and the 
dark current only was adjusted for the slight differ- 
ences of the flame background of the blanks for the 
different concentrations of the solvents. No measurable 
amounts of sodium or potassium were present in these 
blanks. Serum specimens were centrifuged to remove 
any precipitate which formed. It was observed (Fig. 
1) that all the organie solvents enhanced the emission 
spectra of sodium progressively, especially above con- 
centrations of 50%, and acetone gave much greater 
enhancement (seventeenfold) than the other solvents. 
Increasing amounts of protein were precipitated above 
50% acetone, and loss of sodium with the precipitate 
was observed. Loss of the sodium salt with protein 
precipitate in 100% acetone removed more than 50% 
of the sodium from solution. Although serum protein 
was precipitated by 50% or more methanol, no loss of 
sodium with the precipitate was evident with this sol- 
vent. Of the solvents studied, only methanol exhibited 
this curious phenomenon. Little enhancement of the 
sodium spectra by propanol and isopropanol was ob- 
served. 

The solvents were studied (Fig. 2), in the samme man- 
ner as described for sodium, for their effect on the 
flame spectrum of potassium, using solutions contain- 
ing 1.5 mEq sodium with 0.05 mEq potassium and 
solutions of normal serum diluted 100 times; 0% sol- 
vent was set at the 5% transmission value, slit width 
was fixed at 0.5 mm, oxygen pressure at 7 Ibs, and 
acetylene at 5 Ibs. The same relative order of effect 
of the solvents on intensifying the flame spectrum of 
potassium was observed as that for sodium. Acetone 
increased the flame spectrum of potassium thirteen- 
fold. Loss of potassium occurred in all solvents above 
50% concurrently with precipitation of serum pro- 
teins. Methanol solutions showed loss of potassium 
with the protein precipitate, although this solvent had 
shown no loss of sodium with the protein precipitate. 
Propanol and isopropanol showed little effect on the 
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Fic. 2. Comparison of the effect of different concentrations 
of organic solvents on the flame spectra of potassium at 
770.0 uw in diluted serum and aqueous solutions, as measured 
with a Beckman Spectrophotometer with flame attachment 
#9200, acetylene-oxygen-burner assembly. Ordinate, relative 
light intensity read as % T. 


flame spectrum of potassium. All aqueous-organie sol- 
vent solutions of pure standards studied (Figs. 1 and 
2) were not centrifuged and showed complete solubil- 
ity of the sodium or potassium salts, except the 100% 
acetone solutions, which were turbid. 

The enhancing effect of acetone on the flame spec- 
trum of Na and K was also observed with the Weich- 
selbaum-Varney (7) flame photometer. 

The effect of protein on the flame spectrum of sodium 
and potassium was studied by using a 7.0% bovine 
albumin‘ solution which contained a trace of sodium 
and no potassium. This protein solution was diluted to 
0.14% in 0-100% acetone containing 0.3 mEq sodium 
and 0.01 mEq potassium, for study of the flame spec- 


TABLE 1 


Errect oF ALBUMIN ON FLAME SPECTRA OF SODIUM AND 
POTASSIUM IN PRESENCE OF DIFFERENT 
CONCENTRATIONS OF ACETONE 


Na spectra at 589.6 u K spectra at 770 u 


0.3 1.5 
0.3 mEq 15 
Acetone mEq 0.014% mEq 0.07% 
(%) Na mEq K Albu- Na mEq K Albu- 
0.01 014% min 0.05 
mEq K mEq K 
min min 
(%T) (%T) (WT) (BT) 
0 5.0 55 5.0 5.0 
10 8.0 8.5 5 5.0 5.0 0 
20 95 10.0 5 6.0 6.0 0 
30 11.0 115 5 7.5 7.5 i) 
40 13.0 13.5 5 9.0 9.0 0 
50 15.8 163 O05 115 £115 0 
60 185 195 10 150 15.0 0 
70 25.0 260 20 20.5 20.0 0 
80 34.0 35.0 2.0 29.0 28.0 0 
90 50.0 51.0 4.0 42.0 39.0 0 
95 59.0 58.0 3.0 53.0 43.0 0 
100 63.0 260 1.0 52.0 28.0 0.0 


* Fraction V, Armour Laboratories, Chicago, Ill, 
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tra of sodium and 1.5 mEq sodium and 0.05 mEq 
potassium for the study of the flame spectra of potas- 
sium (Table 1). Acetone solutions containing 0.3 mEq 
Na and 0.01 mEq K with and without 0.014% bovine 
albumin read against an aqueous solution containing 
0.3 mEq Na and 0.01 mEq K set at 5% T indicated 
that bovine albumin had no effect on the flame spectra 
of sodium (Table 1). Although bovine albumin was 
precipitated with 50-90% acetone, no loss of sodium 
with this precipitate occurred at these concentrations 
of solvent. No effect of bovine albumin on the flame 
spectrum of potassium (Table 1) was observed. Loss 
of potassium with bovine albumin precipitate oc- 
curred, beginning at 60% acetone. 

We have observed losses of sodium (7%) and po- 
tassium (10%) when trichloracetic acid is used to pre- 
cipitate proteins from serum diluted 1/500 and 1/100. 
The use of trichloracetic acid (2) or other protein- 
precipitating agents to obtain protein-free filtrates for 
assay of Na and K by flame photometry is not recom- 
mended. 

The observations reported here of the effect of a 
few common organic solvents on increasing the in- 
tensity of flame spectra from sodium and: potassium 
have indicated the possibility of bringing more trace 
elements within the range of measurement of the flame 
photometer and the use of smaller samples for 
analyses. A further investigation is being made of the 
effect of other organic solvents, mixed organic sol- 
vents, and water on the emission spectra of sodium, 
potassium, calcium, magnesium, lead, and other ele- 
ments. 
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A Culture Technique for the Diagnosis of 
Infections with Dermocystidium marinum 
Mackin, Owen, and Collier in Oysters? 


Sammy M. Ray 
Biology Department, Rice Institute, Houston, Texas 


A simple technique has been devised for the rapid 
and accurate diagnosis of infections with Dermo- 
cystidium marinum Mackin, Owen, and Collier, 1950 
(1). This organism is now known to be widely dis- 
tributed in oysters on the Gulf and South Atlantic 
coasts of the United States. Its pathological signifi- 
eance is discussed by Mackin (2). The presence of D. 
marinum has been demonstrated by this method in 
oysters from localities in Florida, South Carolina, 
and Louisiana. 

A satisfactory culture medium is Difeo’s fluid 

1Grateful acknowledgment is made to Asa C, Chandler for 
direction of this research, and to Mrs. E. K. Hake for histo- 


logical assistance. Photomicrographs are by F. C. Brecken- 
ridge, Baylor Medical School, Houston. 
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thioglycollate rehydrated with sea water, and tubed 
in 10-ml amounts. Streptomycin and penicillin solu- 
tions are added shortly before inoculation to give 
concentrations of 250 units of each/ml. Up to 1000 
units of each can be used, however. Complete sterility 
is not necessary; retardation of heavy bacterial 
growth during the early period of incubation is suffi- 
cient. The anaerobiosis of the medium suppresses the 
growth of molds and protozoa, but is not essential 
for the parasites. Incubation temperatures from 18°C 
to 25°C are satisfactory; above 25°C bacterial growth 
is less easily suppressed. 

D. marinum has been grown in all oyster tissues 
cultured, even from decomposing dead oysters. 
Routinely, heart, rectum, and pieces of gill and 
mantle (about 5x10 mm) are cultured. In general, 
the distribution of the parasites closely parallels 
Mackin’s (2) findings in histological sections; that 
is, there is sometimes a marked difference in the 
concentration of parasites in different tissues and even 
in different areas of the same tissue. This has been 
observed more often in living oysters than in dead 
or gaping ones. The parasites in cultured tissue were 
followed in histological sections during the early 
hours of cultivation; by 10-12 hr they have enlarged 
enough to be seen in whole mounts, but are not 
easily detected until after appoximately 18 hr, when 
they appear as thin-walled, spherical, cystlike bodies, 
a few measuring up to 35 in diameter. As the 
parasites continue to grow, the walls thicken, the 
cytoplasm becomes more and more vacuolated, and 
fat droplets accumulate. The maximum size increases 
to about 90» at 72 hr and to 100 »-150 » in cultures 
a week or more old. In a single oyster from South 
Carolina the majority of the parasites exceeded 
200 u, some attaining a diameter of 280. The total 
volume of the heavily infected pieces of tissue is 
greatly increased, and the original tissue is practically 
obliterated by the mass of the eystlike bodies (Fig. 1 
A). Many become free in the tube or on the slide 
(Fig. 1 B). 

If numerous and well developed, the parasites are 
conspicuous and readily identifiable without further 
treatment. Their recognition is, however, rendered 
easy and certain, even if they are scanty or small, 
by the characteristic manner in which they react 
when treated with iodine. A 1:25 aqueous dilution 
of Lugol’s is satisfactory. After about 18 hr of eultive- 
tion the walls of the parasites begin to stain a faint 
blue, the color becoming a clear blue in 24~-36 hr, and 
deepening until the organisms appear as opaque 
blue-black bodies after a week or more. Best results 
are obtained by staining the parasites left on a slide 
after removal of the tissue. Enzymatic and other 
tests indicate that the blue color is not due to stareh ; 
possibly it is due to a glucoside such as saponarin (3). 

A germination of the cystlike bodies, with the 
production of a short thick hypha several times as 
long as the diameter of the body producing it, has 
been observed (Fig. 1 C, D). The production of 
hyphae and budding forms definitely establishes D. 
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Fic. 1. A, D. marinum in oyster gill tissue after 35 days 
of incubation. x 100. B, bodies left on slide after removal of 
piece of tissue shown in 1 A. x 100. C and D, germinating 


bodies showing outgrowth of hyphae, iodine-stained. C x 200, 
D x 400. 


marinum as a fungus, and supports Mackin’s idea 
that D. marinum might be related to such organisms 
as Blastomyces and Cryptococcus. 

The method here described has advantages over 
the histological techniques usually employed in econ- 
omy of time and labor, in amount of equipment and 
skill required for a reliable diagnosis, and in accuracy 
in the detection of light infections. At present it 
is uncertain whether the number of cells increases 
during incubation; if not, the technique would have 
the added advantage of indicating intensity of in- 
fections as well as incidence. The biological signifi- 
cance of the cystlike bodies has not yet been deter- 
mined, but investigations on this and other phases 
of the biology and life history of this organism 
are in progress. 
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An Apparatus for Microscopic Study 
of Frog Heart in Situ 


Burrill Freedman? ? 


Department of Psychiatry, 
University of Illinois College of Medicine, Chicago 


It has been shown by Gramenitsky, in articles which 
have since been neglected, that the excised, beating 
frog heart can be stretched in such a way as to render 
its atria and sinus venosus translucent and amenable 
to microscopy (1, 2), and that with such a prepara- 
tion, new discoveries are made possible concerning 
structure and functioning (3). This means of inves- 
tigation was extended by Fedorov (4) and by Smitten 
(5) to a study of the cardiac autonomic synapses. 

An apparatus which I have devised, and which I 
term a cardiostat, permits the beating heart to be 
investigated similarly but without its removal from 
the body (Fig. 1). A narrow platform serves for plac- 


ing the frog supine, with its legs straddling. A trans- 
verse strip of spring metal on the under surface clips 
its feet. A shield of coke tin on the end of a strip of 
metal keeps its head bent under the forward edge of 
the platform. An inverted shallow eup on another strip 
of metal restrains the upturned viscera other than the 
heart. A frame proceeding from the forward edge of 
the platform serves for the attachment of ligatures 
through the apex of the heart and the tissues at its 
base. A vertical shaft under the back edge of the plat- 
form supports the latter as it rests on the microseope 
platform. A system of ways and carriages gives move- 
ment in two horizontal directions, and a plate of 
metal pierced by thumbscrews allows vertical adjust- 
ment. 

By means of the preparation described, the beating 
heart can be studied under the microscope with its 
innervation and to some extent its circulation intact. 
For the former purpose, the frog is to be anesthetized 
intraperitoneally instead of being pithed. 

A preliminary report on the appearance of the 


1 Much appreciation is expressed to Don Hauk for the con- 
struction of the cardiostat model reported and for the accom- 
panying photograph of it. 

* Present address: 1010 Eighth St., Des Moines, Iowa. 
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vagal synapses in functional and deteriorated states, 
as investigated by this means, is presented elsewhere 
(6). It may here be noted that without staining re- 
versible changes are visible during synaptic trans- 
mission, the end-feet glistening as if with clear exu- 
date and the ganglion cells undergoing a definite en- 
hancement of detail. Morphologie deterioration, it 
may be added, becomes visible in the form of a slight 
enlargement of the end-feet, and a permanent enhance- 
ment of the cellular detail, within an hour of inter- 
ruption of the innervation and circulation, and passes 
after many hours into a second stage, associated with 
functional deterioration, characterized by a numerical 
reduction of the visible end-feet, and tenacity of stains 
on the part of the ganglion cells. 

The further range of investigation to which the ecar- 
diostat preparation is amenable includes problems of 
physiology, pharmacology, histology, and cytology. 
Observations are in progress on these. Excellent vis- 
ualization, with or without staining, is afforded by 
an oil-immersion objective used with Ringer’s solution 
instead of oil. Photomicrography and cinematomicrog- 
raphy are eminently feasible. 
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Perfect Demarcation of the Diamond 
Crystal Structure in Germanium 


S. A. Robinson, P. L. Ostapkovich, 
E. S. Schlegel, and C. P. Gazzara 


Philco Corporation, Tube Development Laboratory, 
Lansdale, Pennsylvania 


In our studies of single crystal growth in germa- 
nium, careful consideration was given to the advan- 
tages of both radiant heating and RF induction heat- 
ing. Analyses of the advantages pointed to the use of 
direct radiant heating to eliminate the turbulence 
caused by induction methods. After this choice was 
made, it was then necessary to establish a desirable 
temperature gradient of horizontal isotherms from the 
lowest temperature at the top to highest at the bottom. 

The over-all arrangement of our equipment permits 
observations of the top surface of the molten germa- 
nium. Thus one can watch the germanium nucleate into 
a single erystal solid. Visible nucleation commences 
from the top and is associated with definite geometric 
patterns, which may be triangular, hexagonal, or dia- 
mond in nature, depending upon the plane of growth. 

Nucleation starts in a very small area, and the pat- 
tern formed continues to grow in size toward the sides 
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of the crucible. As growth continues undisturbed, with 
no parasites (i.e., secondary centers of nucleation) be- 
ing formed, the resulting pattern covers the entire sur- 
face. Associated with this horizontal growth is a ver- 
tical growth that starts with the very small nucleation 
area and grows down towards the bottom of the 
erucible. 

In Figs. 1 A, 1 B, and 1 C ean be seen the visible 
physical manifestations indicative of a erystal growth. 
The specimen shown in Fig. 1 A has a very sharp line 
across the center, representing a twinning plane that 
is very easily seen when the ingot is cut and etched. 

Since it had been noted that growth from the initial 
nucleation area continued both in horizontal and ver- 
tical directions, an investigation was carried out to 


twin line across surface ; B: clear lines indicative of crystallization. 


determine the actual physical pattern that existed in 
the vertical direction during growth. Visually, the pat- 
tern on the surface can be observed, but this pattern 
is slightly distorted by surface tensions and is not the 
growth truly indicative of the natural plane extension 
that exists when the solid face is grown directly in 
contact with the liquid from which it is being solidified. 

To determine the actual physical appearance of the 
growth planes, a study was carried out by “going 
fishing.” We actually had a double hooklike appa- 
ratus made from quartz. With this we were able to get 
under the nucleated area and lift it quickly from its 
surroundings. The single erystal formation of germa- 
nium was a completely developed octahedron. Clear 
planes of growth were present, and these had clear-cut 


Fig. 2. A, B, and C: fished samples showing clearly the crystalline structure. 
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angles associated with them. Apart from the pure geo- 
metric beauty exhibited by these “fished” single erys- 
tals, the geometric patterns could be studied for erystal 
growth orientation. 

Figs. 2 A, 2 B, and 2 C show quite clear erystal 
structures which have been “fished” out from their 
growth environment very quickly. There is some dis- 
order associated with the faces shown, but this is due 
to adherence of small amounts of germanium to the 
growing planes. When the growth is “fished” out these 
small amounts of germanium quickly freeze in a dis- 
ordered fashion. They are not found when surfaces 
grow naturally without being subjected to rapid dis- 
location and extreme changes in temperature. 

We regret that we cannot supply samples of these 
“fished” crystals, for our supply is limited. 


7 
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The Pirani Gauge 
George Glockler and Sister Helene Ven Horst 


Department of Chemistry, 
State University of lowa, lowa City 


The wide application of the Pirani gauge (1) as a 
heat conductivity manometer is evident from the ex- 
cellent review of the literature by Dushman (2). Chief 
among the advantages and disadvantages of such a 
device for measuring pressures in the molecular and 
transmolecular regions are those given by DuMond 
and Pickels (3), von Ubisch (4), and others (2, p. 
368), summarized in the following statements: (1) It 
is most suitable at very low pressures; (2) thin fila- 
ments insure a quick response at low pressures and a 
greater sensitivity at higher pressures; (3) materials 
available for filaments are sufficient so that pressures 
of many gases, corrosive and otherwise, may be meas- 
ured; (4) by special design the instrument may be 
used to measure pressures over a wide range. The 
main disadvantages are (1) The shift of the “zero” 
point and (2) the increase of the ratio of radiation 
loss at pressures below 10-° mm Hg, since at these 
low pressures the molecules of gas travel in straight 
lines between the wire and the walls, just as the pho- 
tons of radiation do. 

The range of pressures for which the Pirani gauge 
operates satisfactorily is from 10-* mm to 10-* mm of 
Hg (2, p. 367). Some experimenters, however, have 
extended this range to a lower limit of 10° mm (5) 
and to an upper limit of 50 mm (6) by modifying the 
design of the gauge. 

The main disadvantage of the Pirani gauge, which 
has heretofore restricted its lower limit to 10-* mm 
because of the so-called zero drift, has been studied by 
Kersten and Brinkman (5). Their solution to the 
problem is the construction of three identical gauges, 
two of which are exhausted, outgassed, and sealed off, 
and the third is connected to the vacuum system. By 
inserting one of the sealed-off gauges, called the ref- 
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erence gauge, and the measuring gauge in adjacent 
arms of a Wheatstone bridge, these authors obtained 
a balance point of the bridge which is indifferent to 
fluctuations of the bridge potential or to small changes 
in the temperature of the surroundings of the gauge. 
The second sealed-off gauge, called the zero gauge, is 
mounted in a separate branch of the circuit and heated 
to about the same temperature as the reference gauge. 
With such an arrangement the time required to attain 
equilibrium was very small. Since the heating of the 
measuring gauge was continued, it was possible to 
start the pressure measurements immediately after 
finishing the zero point control. With this arrange- 
ment and an applied heating current at the ultimate 
vacuum of 6.4 ma the deflection of the bridge meter 
was directly proportional to the gas pressure from 0 
up to about 0.02 mm Hg. Beyond this region the sen- 
sitivity of the gauge-bridge combination decreased 
rapidly with increasing pressure. 

In order to extend the use of the Pirani gauge to 
regions of higher pressures Rittner (7) applied the 
controversial point of the influence of wire-to-wall 
distance as a determining factor in the pressure meas- 
uring range. He used a convenient length of 1 mil 
tungsten wire and suspended it coaxially inside a 
piece of 2 mm capillary Pyrex, fitted with a glass side 
tube. The gauge was operated at constant resistance 
in a Wheatstone bridge by varying the applied volt- 
age and measuring the total bridge current required to 
establish balance. The gauge was immersed in an ice 
bath. The author claims a precision of measurement 
of +2.5x10-* mm at low pressures, where the sensi- 
tivity was greatest, and +0.35 mm at 15 mm, where 
the gauge sensitivity was falling rapidly. This is 
equivalent to a precision of + 2.5% or better over the 
pressure range 10 u to 15 mm. 

Von Ubisch (8, 9) modified the electrical circuit of 
the Pirani and thereby measured pressures up to 50 
mm Hg. The gauge is an extended spiral of 0.01 mm 
tungsten wire of approximtaely 5 em length mounted 
inside a capillary. A regenerative feedback is pro- 
vided through the bridge containing the hot wire. 
The amplitude of oscillations adjusted itself to keep 
the temperature of the wire approximately constant 
at all pressures. The range of heating current ex- 
tended from 4 to 35 ma for a corresponding pressure 
range of 10-? mm to 50 mm Hg. 

The effect of wire-to-wall distance in the measure- 
ment of pressures of rarefied gases is a controversial 
problem (10). Kersten and Brinkman (5) quote 
Knudsen’s theory that the use of the hot wire gauge 
is based upon the principle that the thermal conduc- 
tivity of a gas is directly proportional to the pres- 
sure as long as the mean free path of the molecules 
is larger than certain distances within the measuring 
system. Von Ubisch (11) confirmed the fact that in 
order to insure proportionality between pressure and 
heat conductivity, it is sufficient that the diameter of 
the wire be small compared with the mean free path 
of the molecule. He observed a deviation of 10% from 
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proportionality if the mean free path of the molecule 
was about seven times the diameter of the wire and a 
somewhat lower factor than seven for a ribbon. 

In agreement with those who favor the influence of 
wire-to-wall distance is the work of Rittner (7) who 
based the success of his experiment in extending the 
range of pressure to 10 mm on the fact that he de- 
creased this wire-to-wall distance to a minimum by 
use of a capillary. However, as is pointed out (10), 
Rittner did use a very fine wire (0.01 mm). 

The effect of spirals in manometry gauges is sum- 
marized by von Ubisch (12). Spirals behave as if they 
have a surface which is smaller than the surface of 
the wire from which they are made. The reason is 
that the turns partially shield one another. However, 
the coefficients of emissivity and of accommodation 
for the spiral are increased. The heat radiation that 
originates from the inner parts of the spiral is par- 
tially reflected outward and adds to that from the 
visible parts. Because of repeated impacts the mole- 
cule would leave the spiral with more energy than it 
would after collision with a straight wire. But as 
emissivity coefficients are of the order of 0.1 and the 
accommodation coefficients for a single impact range 
from 0.3 to 1.0, and neither coefficient finally increases 
above unity, spirals have an increased rate of radia- 
tion relative to conduction. It may be concluded that 
although spirals do decrease the sensitivity of the 
gauge, the advantage of increased length of the fila- 
ment compensates for this factor. 

A universal agreement (10) among investigators is 
the importance of heating the wire to a higher tem- 
perature than is normally employed and of maintain- 
ing this required higher temperature as the pressure 


Fic. 1. The Pirani gauge. 
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rises. Von Ubisch (11) recommends 100° C for all fila- 
ments, as being sufficiently above room temperature 
and giving about a maximum of sensitivity for medium 
lengths of filaments. 


Wn 


Pirané 


at 

Potent ie meter 

Fic. 2. Wiring diagram for circuit containing the Pirani 
gauge. R, and R, are 10,000 ohm decade boxes, R, is a 1000.0 
ohm decade box. 8.C., standard cell for potentiometer; G, 
galvanometer, S, shunt. 


A Pirani gauge was designed that includes a num- 
ber of features that make it simple in construction, 
rugged, sensitive to small pressure changes, and 
eapable of reproducing results. The gauge and wiring 
diagram are shown in Figs. 1 and 2. The over-all 
length of the gauge is 16 em. The tube is 9 mm OD 
Pyrex with ground-glass fitting, sealed with a bees- 
wax and rosin mixture. This fitting permitted a rapid 
replacement of the filament wire. Both platinum and 
tungsten filaments were used, but the latter proved 
far more durable, although less sensitive for the same 
heating current. The present filament has been heated 
at 40 ma for over 500 hr. Several of the platinum 
filaments burned out after 50 hr. However, in the case 
of platinum, using a 0.025 mm filament, 16 em long, a 
heating current of 26 ma resulted in a sensitivity of 
6.6 v/mm Hg for nitrogen, whereas the same size 
filament of tungsten required a heating current of 40 
ma for a sensitivity of 5.1 v/mm Hg. The filament is 
supported by 2 tungsten leads 0.76 mm in diameter 
and kept taut by a 2.3-g glass weight hooked over the 
loop of wire. Nickel sleeves were slipped over each 
lead and the ends of the filament wire and fastened 
by crimping at several places. The gauge was immersed 
in a 5-liter Dewar of crushed ice and water. A high- 
speed stirrer maintained a constant 0° temperature 
during the calibrations. Other methods, such as a 
shielded air bath and a bath of continuously flowing 
tap water, proved unsatisfactory because of the sen- 
sitivity of the gauge. 

A 6-v storage battery connected in series with one 
10,000 ohm (R,) and one 1000.0 ohm (R,) decade 
boxes in parallel, and one 10,000 ohm (R,) deeade 
box in series, heated the gauge. A type K-1 poten- 
tiometer was used to determine both the heating 
current and the potential drop across the Pirani. This 
was accomplished by placing a 10 ohm standard re- 
sistance in the circuit used to measure the heating 
eurrent and connecting the two cireuits to the poten- 
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F16. 3. Calibration curves for five rare gases, nitrogen, and 
hydrogen. Each curve represents four calibrations for both 
increase and decrease of pressure. The same gas was not used 
for any two successive calibrations. 


tiometer by means of a double-pole double-throw 
switch. The sensitivity of the gauge necessitated using 
the shunt on 0.1. The heating current was maintained 
exactly at 40.000 ma by adjusting the resistances after 
each addition of gas. This value permitted the use 
of the potentiometer in the 1.6-v range. Sixty ma 
heated the gauge to a dull red, visible only in the 
dark. 

The pressure in the system, except during the peri- 
ods of calibration, was maintained at from 10-* to 10-* 
mm Hg. Cold traps of dry ice and acetone prevented 
the mereury vapor from entering the Pirani. Initially 
the filament was heated to redness and the system 
flushed with hydrogen in order to clean the surface 
of the tungsten. Although the treatment was not as 
extensive as that suggested by Norton and Marshall 
(2, p. 737), the results indicated that such a process 
proved essential in obtaining reproducible results. If 
air was accidentally introduced into the system while 
the Pirani was heated and the gauge was then ecali- 
brated with hydrogen, the resulting curve was quite 
erratic. However, this clean-up process with hydrogen 
re-established the previous results. 

A Y%-hr preheating of the filament at 0 pressure 
was adequate. Several readings of the voltage across 
the Pirani were taken during this time until a con- 
stant value was obtained. This reading then served as 
the zero reading. In order to determine the extent of 
the zero drift, the Pirani was heated at 40 ma and 
zero pressure and observed at %-hr intervals for 
several days. From 0.05 to 0.1% drift during 7 hr 
was observed. If this deviation from some established 
zero point was corrected for at the various voltage 
determinations, the calibration curves were definitely 
reproducible. 

Five rare gases, hydrogen, and nitrogen were used 
as calibrating gases. Xenon, krypton, and neon con- 
tained spectroscopic traces of impurities; argon was 
tank argon passed over hot uranium; helium was 
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Grade A, 99.99% pure; the hydrogen was electro- 
lytic hydrogen passed through a “Deoxo” and a liquid 
air trap. The nitrogen was obtained from two sources: 
heated sodium azide, and tank nitrogen passed through 
a dehydrating agent. The curves for the two sources of 
nitrogen were indistinguishable. Liter bulbs containing 
these bases were mounted on the system and connected 
to a main gas line by microgas burettes (13). By this 
means, small and measurable quantities of gas, suffi- 
cient to change the pressure of the system in the 
range of 0.0005 mm or greater, were introduced. For 
the pressure decrease the system was simply exhausted 
at intervals by lowering the mereury cutout which 
separated the vacuum system from the mereury vapor 
and the Hyper Vae pumps. Because of the small pres- 
sure changes the time required to reach equilibrium 
was about 2 min. Second readings of both the MeLeod 
and the potentiometer were constant. The resulting 
calibration curves for the 7 gases are shown in Fig. 3. 
Each of these curves represents four calibrations for 
both increase and decrease of pressure from 10-° mm 
to 10- mm Hg. The same gas was not used for any 
two successive calibrations, but rather the order of 
calibration of the gases was chosen at random. 

A linear relationship between energy supplied to 
the filament, expressed as current, voltage, or resis- 
tance, and pressure in the Knudsen range has been 
observed by a number of investigators (11, 14, 15). 
According to Farkas and Melville (15), the energy 
from a fine wire at low pressure is dissipated in three 
ways: conduction by the gas, radiation, and conduction 
along the leads. These quantities are related to the 
energy input in the wire by the relationship 


= T (p), 


where k,V* is the energy input, k is a constant, and 
V represents voltage; 7k, is the heat loss by conduce- 
tion along the leads and by radiation which is pro- 
portional to the excess temperature 7, of the filament 
over the surroundings; and 7,f(p)k, is the energy loss 
by conduction. It follows that 


kV ek, 


where V,=voltage required for balancing when the 
pressure is zero. 


(V?—V 2) = (ks/ke) f(p). 


Hence, these authors state that f(p) is accurately 
linear up to a pressure of 0.1 mm Hg. Fig. 4 is a plot 
of this relationship from the data of these calibra- 
tions. It is evident that exact linearity does not exist. 
It might be pointed out that the filament and heating 
current were not of the specifications used by another 
of the investigators who claimed this relationship. Von 
Ubisch (11) recommended a 0.01 mm tungsten filament 
heated sufficiently to maintain a difference in tem- 
perature between wire and wall of 100° C. In a pre- 
vious experiment with a platinum filament it was ob- 
served that an increase in heating current produced 
a more nearly linear relationship. However, since the 
heating current in these calibrations was sufficient to 
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Fic. 4. Calibration curves showing nonlinearity between 
voltage and pressure. 


raise the temperature of the filament to about 220° 
and the wall temperature was maintained at 0° C, this 
difference in the wire size hardly explains this devia- 
tion from the expected results. 

Von Ubisch (6) introduced the manometric constant 
f in his work with the Pirani gauge. This is defined as 

f = 
where 2 is the coefficient of molecular heat condue- 
tion. As a result of several identities it is concluded 
that for the molecular region below 0.1 mm Hg for a 
0.01 mm wire, this condition is simply 
f = Po/Pa- 

The values of f in Table 1 are taken directly from the 
above reference. The author states that f is influenced 
by changes of the accommodation coefficient and also 
to some extent by changes in temperature. Hence the 
values listed are only approximate. The errors should 
not be in excess of 10% for hydrogen and considerably 
smaller for the heavier gases. 

Because of the deviation in the dimensions of the 
filament and nonlinearity of the calibration curves for 
these gases, only an approximate comparison can be 


TABLE 1 


Ratio 

(dV /dp) x./ Po/Pxz % 
Gas f (6) aV/a 2 Devia- Po= Devia 

tion 0.1 mm tion 
H, 0.65 0.60 8.9 0.57 12.3 
Air 1,00 
N, 1.00 
He 1.06 1.06 0.0 1.04 1.9 
Ne 1.35 1.51 11.9 1.46 8.2 
A 1.60 1.64 2.5 1.64 2.5 
Kr 2.29 2.22 3.1 2.31 0.9 
Xe 2.74 2.92 


made with the values quoted. Since air was not used 
as a calibrating agent, the ratios are based on nitrogen. 
The corresponding values on the basis of air would be 
slightly higher. It will be noted that two values for 
each gas are given. Linearity does not exist beyond 
0.025 mm Hg; henee, one value for f is given in this 
region, and a second is given at the extreme pressure 
of the gas, except for hydrogen, at 0.1 mm. This latter 
value—namely, p,/py.—is obtained by comparing the 
the pressures at that point at which the voltage read- 
ing for the two gases is identical. At this higher value 
of the pressure the percentage deviation is consider- 
ably less than in the region of 0.025 mm. 

It appears evident that a Pirani gauge of simple 
design ean be constructed which is suitable for use in 
the region from 10-* mm to 10-' mm Hg. For accurate 
pressure readings it is necessary to calibrate the 
gauge with each gas used and for the pressure range 
to be considered. 
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Comments and Communications 


Inspection of Simple Relations among a 
Number of Variables* * 


EXAMINATION of all interrelations among measured 
variables is difficult, and the difficulty increases as 
the number of variables increases. Thus, 45 simple 
correlations exist among 10 variables, but 780 among 
40. To detect striking correlations between any two 
variables in complex data more readily, a device has 
been developed that permits visual inspection of coded 
data (Fig. 1). 


Fig. 1. Pinball device. Only two variables measured | \r 
each of 28 objects are shown; i.e., 28 bars are shown. 


The device consists of a rack, or frame, on whic! 
rest the ends of a number of slotted metal bars. Eav/i 
bar represents one of the objects, or organisms, or 
units of any kind on which measurements were made. 
Each bar carries a number of pins mounted in little 
balls that are free to slide along the slot. Each pin 
represents one variable in one object. The length of 
each pin protruding above a bar is adjusted to repre- 
sent the measured value of a variable in one object. 
The same variable occupies a similar position on each 
bar. The slots in the bars are long enough so that any 
two sets of pins (i.e., two variables) can be slid far 
enough from the other pins that their protruding 
lengths ean be visually compared without interference 
from other pins. In Fig. 1, for the sake of simplicity, 
only the front and back rows of pins are shown. 

Tn use, all pin lengths are first adjusted to represent 
the measurements obtained. One variable is selected 
as the basis for the first series of comparisons. The 
bars are then arranged so that the pins representing 
that selected variable are in the order of their pro- 
truding lengths, ascending or descending. This is il- 

1This work was supported in part by a grant from the 


Damon Runyon Memorial Fund for Cancer Research (DRIR- 
28A). 

2The authors wish to express their appreciation for the 
technical assistance of Paul R. Gilson, Paul H. Stewart, 
Patricia M. Quinlin, Anna Mary Kock, and Thomas L. Fay, 
and for the generosity of Robert Reilly, Globe-Wernicke Co., 
Norwood, Ohio. 
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lustrated by the front row of pins in Fig. 1. The back 
row in Fig. 1 represents a variable that is, in this 
illustration, closely related to the selected variable. 
The other variables (omitted) are then compared, one 
at a time, with the selected variable. Each comparison 
is made by sliding each set of pins away from thic 
others so that the newly isolated set may be inspected 
for any possible regularity in length. Findings are 
entered on a check list. Next, a second variable is se- 
lected as the basis for the second series of compari- 
sons. The bars are rearranged so that the second sct 
of pins is in the order of their protruding lengths. 
As the work proceeds, the number of new comparisons 
possible for each rearrangement of the bars decreases. 
This device has been useful in inspecting data from 
a number of measurements made on each of a serics 
of animals. We have observed regularities and eurvi- 
linear correlation that would be obscured in ealeula- 
tion of correlation coefficients, the usual assumption 
being homoscedasticity of data. 
Cuar.es D. Stevens 
Howarp SigMon 
Kettering Laboratory, Department of Preventive 
Medicine and Industrial Health 
College of Medicine, University of Cincinnati 


A Thermal Precipitator for 
Aerobacteriology 


THE phenomenon involving the precipitation of 
small airborne particles on a cold surface from the 
influence of a warmer surface has been known for 
some years. Aerosol samplers based on this principle 
have been referred to as thermal precipitators. With 


Science, Vol. 116 


* | A 
| (| 
: 1) 
| 
| | 
( 
Fie, 1, 


one exception (7), these samplers have all operated 
at low flow rates, generally between 5 and 10 e¢/min. 
Although the thermal precipitator is believed to have 
a very high effectiveness in the collection of small par- 
ticles from the air, such a low flow rate has great'y 
limited its use. 

As a result of study of the principles underlying 
the operation of the thermal precipitator (e.g., [2]), 
the members of our group decided that a warm hori- 
zontal plate facing downward would be more useful 
in a thermal precipitator than the hot wire ordinarily 
used. Since it was desired to design a sampler suitable 
for use in aerobacteriological studies, the primary ob- 
jective was to obtain live organisms from the air in 
such a state that they could be counted and perhaps 
subsequently classified. With this in mind, several 
samplers were designed to precipitate airborne par- 
ticles directly on the surface of Petri dishes, but the 
irregularity of the dish surface made this imprac- 
tical. A more uniform surface was obtained by using 
No. 2 cover slips of 3-in. diameter (obtained from C. 
A. Hausser & Son). The sampler shown in Figs. 1 and 
2 was designed to precipitate airborne particles and 
bacteria on the surface of such cover slips. 

The details and operation of this thermal precipi- 
tator are rather simple. Fig. 1 shows the assembled 
sampler: The top tubes are for the passage of the air 
sample, which enters the larger center tube and leaves 
through the smaller offset tube. The two lower tubes 
are for the passage of water through the lower cham- 
ber in order to cool the cover slip. In Fig. 2 the sam- 
pler is shown disassembled; the round objects in the 
foreground are the three spacing shims, which are 5, 
10, and 15 thousandths in. thick. When one of these is 
inserted into the sampler, it determines the thickness 
of the space between the hot and cold surfaces, In 
operation, the desired temperature of the hot body 
is obtained by adjusting the voltage of a variable 
transformer connected to the lugs on the upper plate 
(which is a commercial heating element). In general, 
temperatures between 80° and 100° C have been used 
for the upper plate; tap water or water cooled a few 
degrees is passed through the lower chamber. With a 
cover slip in the cavity of the lower half of the sam- 
pler and the proper shim in place, the sampler is then 
assembled and the wing nuts are screwed firmly down 
to insure airtight seals. The air sample can then be 
drawn through with any convenient device. 

The unit is undergoing tests at the present time, 
and results thus far obtained indicate that it is effec- 
tive at flow rates as high as 400 ce /min, and that par- 
ticles suspended in the air sample are uniformly pre- 
cipitated over the surface of the cover slip on which 
they are collected. The area covered by the particles 
on the slip depends on the flow rate, the distance, and 
the temperature difference between the hot and cold 
surfaces, 

Because there have been so many inquiries and so 
much interest expressed by other groups working in 
related fields, we feel that the publication of a short 
description of this thermal precipitator is warranted 
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at this time, even though we have not completely 
proved its effectiveness. The advice and guidance of 
J. M. DallaValle in this work is gratefully acknowl- 
edged. The investigations leading to the designing of 
this sampler were supported in part by a grant-in-aid 
from the National Institutes of Health. 
T. W. 
M. T. Gorpox 
CLYDE Orr, Jr. 
The State Engineering Experiment Station 
Georgia Institute of Technology 
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An Activity Analyzer for Small Animals* 


INTEREST in the spontaneous and drug-induced ae- 
tivity of mammals has stimulated the development of 
numerous devices to record their motion (1-15). The 
so-called activity cages, with two exceptions (12, 15), 
are either modifications of Stewart’s revolving eage 
(1) or variations of Szymanski’s “aktographs” (3). 
The cage described here belongs to the latter class 
and was designed for rats. It is simple, compact, and 
sensitive. Four units may be arranged to record on 
one drum of a kymograph, and their sensitivity may 
be regulated to register movements ranging from 
respirations to jumps. Patterns for crawling, walking, 
staggering, jumping, and numerous other motions may 
be readily ascertained, as well as the total amount of 
activity. 

The unit shown in Fig. 1 is made of appropriately 
braced, galvanized hardware cloth of 4%” mesh except 
for the bottom, which is 144” mesh. Its diameter and 
height are each 7”. The guide wires D, which are 
soldered to the center of the bottom of the cage, are 
made of 1/16” brass stock and project perpendicularly 
to describe’ a rectangle approximately 8” x 2”. At- 
tached to the bottom of the cage, equidistant from the 
guide rods is a pole C made of 4%” aluminum rod, 
which extends 9” past the edge of the cage. The top 
A, with its 50-ml watering tube, is attached to the eage 
by removable spring clips B. In action the eage is sus- 
pended from a spring. At rest it is supported by a 7” 


1 Published with the approval of the director of research, 
James H. Williams. 
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Fic, 1. Activity cage. 


iron ring from which a 4” segment has been removed 
to permit passage of the guide wires D. The guide FE 
consists of an L-shaped brass arm, 34” wide and 14%” 
thick, attached to a heavy base. The horizontal member 
of the arm is 4” long and slotted to admit the guide 
rods with a minimum of play. The vertical portion is 
7%” high. The steel base is 2” x 3” x 7%”, making the 
total weight of guide EF about 725 ¢; however, this is 
supplemented with an additional kg of lead. The 
spring is made of musie wire, 0.028” in diameter and 
wound into 4%” coils appreximately 8 turns/in. The 
usual length is 12”. Movements of the cage are trans- 
mitted by a silk thread that runs from the end of pole 
C through one or two guides to an appropriately 
weighted heart lever equipped with a wooden stylus. 
A Gibbs adjustable writing point (/6) records the 
movements of the cage on smoked paper. 

The tracings shown in Fig. 2 cover a period of ap- 
proximately 14% hr and were made by male rats weigh- 
ing 120-150 g. The sensitivity of each unit was ad- 
justed to record all movements of a greater magnitude 


Fic, 2. Characteristic activity records from rats. 


than those of normal respiration. Each deviation from 
the horizontal indicates activity; a small vertical line 
denotes a minor movement, a change in the level sig- 
nifies movement to a new location in the cage. If move- 
ment to a different part of the cage is effected by a 
cautious crawl, the vertical lines are short; if the rat 
walks in a normal manner, the vertical lines are 
longer; and if the animal staggers, falls, or jumps, 
a long, sweeping are results. The tracings show the 
marked contrasts between the normal night and normal 
day records, and between them and the ephedrine and 
nembutal tracings. 
B. K. Harnep? 
RayMonp W. CUNNINGHAM 
Epna R. Gi 
Lederle Laboratories Division, 
American Cyanamid Company, 
Pearl River, New York 
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Book Reviews 


Air Pollution: Proceedings of the United States 
Technical Conference on Air Pollution. Spon- 
sored by the Interdepartmental Committee on Air 
Pollution, Louis C. MeCabe, chairman. New York- 
London: MeGraw-Hill, 1952. 847 pp. $12.50. 

With increasing industrialization, contamination of 
the air has become a serious problem, affecting all seg- 
ments of the population. In the hope that an exchange 
of ideas on the subject would contribute toward the 
initiation of corrective measures, the Bureau of Mines 
conceived the idea of holding a Technical Conference 
on Air Pollution. Representatives of other government 
agencies, such as the Atomic Energy Commission, the 
Public Health Service, Weather Bureau, Department 
of Agriculture, and Research and Development divi- 
sions of the military forces, and also of industry, uni- 
versities, and research organizations, contributed to 
this conference, held in Washington, D. C., in 1950. 

Since the problems cover nearly all branches of 
science and engineering, separate panel discussions 
were held on the nature of the pollutants, their effects 
on agriculture and health, and, finally, on methods 
for air pollution abatement. The latter were discussed 
in symposia on equipment, recording, meteorology, 
and legislation. As a technical arrangement for the 
meeting such a division was justified. It is clear, how- 
ever, that there is considerable overlapping of the 
different fields. Dr. MeCabe and his staff deserve great 
credit for assembling the presented material in book 
form so that specialists in one field will be acquainted 
with the over-all air pollution problems. As a further 
aid to the participants, as well as to the reader, each 
panel presented a summary of its conelusions or ob- 
servations. These are reproduced in the 38 pages cov- 
ering the general sessions. The inclusion of the dis- 
cussions following the presentation of the individual 
papers is a valuable addition for clarification of spe- 
cial points, and contributes greatly toward assimila- 
ting the following 816 pages of factual material. 

The collected papers are of interest to many people. 
The legislative section, especially, contains material 
valuable to the victims of air pollution. One of the 
participants stated that industry has grown up under 
a rule of law which has required the public to tolerate 
some air contamination as a necessary incident of liv- 
ing in an industrial community. As support for this 
statement reference is made to a ruling of the Su- 
preme Court of New Jersey that “People residing in 
industrial communities must bear, in part, the annoy- 
ance or detriment that is occasioned by industry of the 
community.” From other papers in this section it is 
clear that the degree of contamination that must be 
tolerated is not decided by the industry alone, but that 
the public has a major voice in the decision. If citizens 
are kept informed about air pollution they will come 
to the realization that in many instances considerable 
progress has been made in air pollution abatement. 
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Where such progress has not yet been made, this hand- 
book can show the way. 

Although a resolution was adopted at the econelu- 
sion of the meetings recommending to the federal gov- 
ernment prompt publication of the proceedings for 
public benefit, two years have elapsed before the mate- 
rial presented has become available. As a result, two 
years of active research and engineering in the field 
of air pollution have not been recorded in the book. 
This deficiency is especially noticeable in the section 
on analysis and instrumentation. As a supplement, the 
papers on air pollution presented at the XIIth Inter- 
national Congress of Pure and Applied Chemistry 
might be consulted. 

A. J. HAAGEN-SMit 
Division of Biology 
California Institute of Technology 


Electronic Analog Computers (D-C Analog Com- 
puters). Granino A. Korn and Theresa M. Korn. 
New York—London: McGraw-Hill, 1952. 378 pp. 
Illus. $7.00. 

During the past few years high-speed computing 
machines have assumed an increasingly important role 
in industrial, university, and government laboratories. 
This is primarily because of the tremendous develop- 
ment that has seen faster and more efficient machines 
put into use each year. Computers are generally di- 
vided into two classes—digital and analog—roughly 
according to whether the operations are performed 
with diserete or continuous quantities. This timely 
book describes in excellent fashion the present status 
of electronic, or d-e analog, computers. 

The following chapter titles indicate the organiza- 
tion and content of the book: “Introduction to D-C 
Analog Computers,” “Practical Setup Procedure,” 
“The Application of D-C Analog Computers to Rep- 
resentative Practical Problems,” “Theory and Design 
of Linear Computing Elements : Operational Amplifier 
and Networks,” “D-C Amplifiers for Computer Ap- 
plications,” “Multiplication and Function Genera- 
tion,” “Auxiliary Cireuits and Computer Operation,” 
and “The Design of Complete D-C Analog-Computer 
Installations.” It is indicated in the preface that “it 
was originally intended to include a chapter dealing 
with questions of computer utilization, personnel, and 
administration and to show how a computer laboratory 
may be fitted smoothly into an industrial or scientific 
organization. . . .” This omission is greatly to be re- 
gretted, since the questions raised are of prime im- 
portance for the efficient use of any high-speed eom- 
puting device. 

The subject matter is divided about evenly into 
topics of interest to all those interested in computa- 
tions with high-speed machines and into topies of in- 
terest to design, maintenance, and operating engineers 
of d-e analog computers. Some previous acquaintance 
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with electronics is needed even in Chapters 1, 2, 3, and 
8—the chapters of most general interest. Mechanical 
and electromechanical analog computers are not con- 
sidered. Chapter 1 begins with a discussion of analog 
computers as contrasted with digital computers. A 
more thorough discussion would have given a better 
perspective for the study of d-e analog computers and 
also would have presented digital machines in a more 
favorable light. 

The presentation as a whole is lucid and thorough. 
The determination of seale factors, for example, is 
discussed in complete detail. Such topics as corrections 
for potentiometer loading, d-c amplifier drift, and the 
frequency limitations of present servomultipliers are 
competently treated. The use of repetitive computers 
is pointed out as a particularly fertile field. In a few 
cases, perhaps, too many words are used in explana- 
tion. The many illustrations add measurably to the 
value of this book. 

The authors have contributed a number of articles 
to the literature of analog computers. Their experi- 
ence and thorough acquaintance in the field of analog 
computers is apparent throughout, and the book is a 
necessity for any computer installation that has or 
may obtain an analog computer. 

W. C. SANGREN 
Mathematics Panel 
Oak Ridge National Laboratory 


Modern Chemical Processes, Vol. 11. A series of 
articles describing chemical manufacturing plants 
by the editors of Industrial and Engineering Chem- 
istry in conjunction with the technical staffs of the 
cooperating organizations. New York: Reinhold, 
1952. 299 pp. Illus. $5.00. 

This publication is the second volume of a set com- 
posed of “a series of articles describing chemical 
manufacturing plants,” reprinted from Industrial and 
Engineering Chemistry. Twenty-four modern plants 
are described in detail as to history and chemistry of 
processing, equipment used, processing sieps em- 
ployed, economies, and production figures. 

The articles are well written, definitely of value to 
the chemical engineer, and should be of value and in- 
terest to technical people in other fields of engineer- 
ing. The companies that cooperated in preparing the 
reports are to be commended for their contributions 
to the existing literature by disclosing many intimate 
details of their plants and their manufacturing proc- 
esses. 

In some instances, the processes described are unique 
with the company that cooperated in the report. Some 
processes, however, fall in a competitive field, for 
which there is little or no indication as to why the 
particular company was selected; nor are there any 
step-by-step comparisons which would have added 
greatly to the value of the report. Printing, binding, 
and illustrations are good. 

C. W. SELHEIMER 

Department of Chemical Engineering 

Illinois Institute of Technology 
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Scientific Book Register 


Symposium on Radiobiology: The Basic Aspects of 
Radiation Effects on Living Systems, Held at Oberlin 
College, June 14-18, 1950. Sponsored by National 
Research Council. James J. Nickson, Ed. New York: 
Wiley; London: Chapman & Hall, 1952. 465 pp. $7.50. 

Mechanics of the Gyroscope: The Dynamics of Rotation. 
2nd ed. Richard F. Deimel. New York: Dover, 1952. 
192 pp. $3.00; paperbound, $1.60. 

The Treatment of Injuries to the Nervous System. Donald 
Munro, Philadelphia—London: Saunders, 1952. 284 pp. 
Illus. $7.50. 

Man and the Biological World. 2nd ed. J. Speed Rogers, 
Theodore H. Hubbell, and C. Francis Byers. New York- 
London: McGraw-Hill, 1952. 690 pp. Illus. $5.75. 

Phosphoric Acid, Phosphates and Phosphatic Fertilizers. 
2nd ed. Wm. H. Waggaman. New York: Reinhold, 1952. 
683 pp. Illus. $15.00. 

Polarized Light in Metallography. G. K. T. Conn and 
F. J. Bradshaw, Eds. New York: Academic Press; 
London: Butterworths, 1952. 130 pp. $3.80. 

Year’s Best Science Fiction Novels: 1952. Everett F. 
Bleiler and T. E. Dikty, Eds. New York: Frederick 
Fell, 1952. 351 pp. $3.50. 

Collected Papers of The Mayo Clinic and The Mayo 
Foundation, 1951, Vol. XLIII. Richard M. Hewitt 
et al., Eds. Philadelphia—London: Saunders, 1952. 833 
pp. $12.00. 

Philosophic Problems of Nuclear Science. Werner Heisen- 
berg; trans. from Wandlungen in den Grundlagen der 
Naturwissenschaft by F. C. Hayes. New York: Pan- 
theon, 1952. 126 pp. $2.75. 

A Textbook of Quantitative Analysis. Andrew Patterson, 
Jr., and Henry C. Thomas. New York: Holt, 1952. 
500 pp. $4.25. 

The. Science of Biology. 4th ed. William C. Beaver. St. 
Louis: Mosby, 1952. 895 pp. Illus. $5.85. 

Childhood Experience and Personal Destiny: A Psycho- 
analytic Theory of Neurosis. William V. Silverberg. 
New York: Springer Pub., 1952. 289 pp. $4.50. 

Quantitative Chemical Analysis: An Introduction to the 
Science and Practice of Chemical Measurement. 
Charles W. Foulk, Harvey V. Moyer, and William M. 
MaeNevin. New York—London: MeGraw-Hill, 1952. 
484 pp. $5.00. 

Opticks or a Treatise of the Reflections, Refractions, In- 
flections & Colours of Light. Based on 4th ed., London, 
1730. Isaac Newton. New York: Dover, 1952. 406 pp. 
and introductory material. $4.00; paperbound, $1.90. 

Ferns of Michigan. Cecil Billington. Bloomfield Hills: 
Cranbrook Institute of Science, 1952. 240 pp. Illus. 
$5.00. 

Glycols. American Chemical Society Monograph 114. 
George O. Curme, Jr., and Franklin Johnston, Eds. 
New York: Reinhold, 1952. 389 pp. $12.00. 

Genes and Mutations. Cold Spring Harbor Symposia on 
Quantitative Biology, Vol. XVI. Cold Spring Harbor, 
L. L, N. Y.: Biological Laboratory, 1951. 521 pp. 
$9.00. 

A Source Book in Chemistry, 1400-1900. Henry M. 
Leicester and Herbert S. Klickstein. New York—Lon- 
don: McGraw-Hill, 1952. 554 pp. Illus. $7.50. 

Polarography: Theoretical Principles, Instrumentation 
and Technique, Vol. I. 2nd ed. I. M. Kolthoff and 
James J. Lingane. New York—London: Interscience, 
1952. 420 pp. $9.00. 
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The shape of the toe is the same 


The x-ray diffractionist works in the low density 
“toe” portion of the characteristic curve of den- 
sity vs. log exposure. Since all Kodak X-ray Films 
have the same toe shape even though different 
types have different speeds, they all reproduce 
the diffraction pattern in similar fashion. 

The reason why we offer five different types is 
to give the diffractionist his best compromise 
between speed and graininess at the wave length 
he intends to use. For example, here are their 
relative speeds for K-radiation of three common 
targets at a net density of 0.3 with tank develop- 
ment in Kodak Rapid X-ray Developer for 5 
minutes at 68 F with 5 seconds agitation each 
minute: 


X-RAY DIFFRACTION 


...@n important function of photography 


Chromium K Copper K Molybdenum K 


Film, Type K..... 150 130 110 
Kodak No-Screen X-ray 

100 100 100 
Kodak Industrial X-ray 

Film, Type F.......... 85 60 40 
Kodak Single-Coated 

80 45 2 
Kodak Industrial X-ray 

Film, Type A......... 22 Vv 14 


There’s a good deal more detailed information 
on this subject in a booklet we can send you 
entitled, ““The Use of Film in X-ray Diffraction 
Studies.”” It’s available without charge from 
Eastman Kodak Company, X-ray Division, Roch- 
ester 4, N. Y. 
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“The Annual Review of 
Physical Chemistry is a ° 
scholarly production that Annual Review 
. . + is a necessity to the 
productive scientist.” 

(Journal of the American of 
Chemical Society, March, 


1952.) 

Published September, 1952, 

approx. 420 pages, $6.00. 

Author and Subject Indexes 

Editor: G. K. Rollefson 

Associate Editor: R. E. Powell Volume 3 


Editorial Committee: 
G. Glockler, J. G. Kirkwood, 

W. F. W. Williams, (1952) 
E. B. Wilson, Jr. 
Contents: Quantum Theory, Theory of Molecular Structure and Valence, C. A. Coulson; Radioactivity 
and Nuclear Theory, M. G. Mayer: Isotopes, J. Bigeleisen; Radiation Chemistry, A. O. Allen; Polymeric 
Electrolytes, P. M. Doty and G. Ehrlich; lon Exchange, W. C. Bauman, R. E. Anderson and R. M. 
Wheaton; Thermochemistry and the Thermodynamic Properties of Substances, R. F. Newton; Bond 
Energies and Bond Distances, G. Glockler; Heterogeneous Equilibria and Phase Diagrams, C. J. Christensen 
and E. Roedder; Photochemistry, G. K. Rellefson; Photosynthesis, R. Calvin, J. A. Bassham, A. A. Benson. 
and P. Massini; Spectroscopy, N. S. Bayliss; Polarography and Electrode Processes, S. Wawzonek and C. 
Tanford; Solutions of Nonelectrolytes, G. Scatchard; Solutions of Electrolytes, T. F. Young and A. C. 
Jones; Reaction Kinetics, R. E. Powell: Theory of Ionic Crystals, Semiconductors and Dielectrics, F. E. 
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Brockway. — Each Volume: $6.00. Shipping charges: U. S. A. and Pan America—15 cents; 
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Recent Publications 
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; 1530 P Street, Northwest 

H Washington 5, D. C 

{| Publ. Shreve, Forrest, and'Ira L. Wiggins. Vegetation 
‘| No. and Flora of the Sonoran Desert. Vol. I. Shreve, 
| 591 Forrest: Vegetation of the Sonoran Desert. 1951. 
4 Octavo, xii+192 pp., 27 maps, 37 pls. Paper, 
$3.25; cloth, $3.75. 

H 594 Smith, A. Ledyard, and Alfred V. Kidder. Eaxca- 
H vations at Nebaj, Guatemala, With Notes on the 
: Skeletal Material, by T. D. Stewart. 1951. 
H Quarto, vii+90 pp., frontispiece, 90 figs. Paper, 
‘ $5.25 ; cloth, $6.00. 

4 EMBRYOLOGY REPRINT VOLUME II. Streeter, 
H George L. Developmental Horizons in Human 
' Embryos: Age Groups XI to XNIII. Collected 
“ Papers from the Contributions to Embryology, 
s published by the Carnegie Institution of Wash- 
" ington. 1951. Quarto, v + 194 pp., 37 pls., 88 figs. 


Designed for 
Paper Partition 
Chromatographic 
Analysis 


Write for 


CHROMATOCAB Descriptive 


Brochure 
Model B300—Insulated 


BERKELEY CHROMATOGRAPHY DIV. 
negie Collection. Contr. 230, vol. XXXIV, pp. 


University Apparatus Company 
165-196, 9 pls., 14 figs. 
Dept. H @ 2229 McGee Avenue @ Berkeley 3, Calif. = iii i 


Paper, $2.75; cloth, $4.00. 

Description of Age Group XI, 13 to 20 Somites, 
and Age Group XII, 21 to 29 Somites. Contr. 
197, vol. XXX, pp. 211-245, 5 pls., 16 figs. 

Description of Age Group XIII, Embryos about 
4 or 5 Millimeters Long, and Age Group XIV, 
Period of Indentation of the Lens Vesicle. 
Contr. 199, vol. XXXI, pp. 27-63, 7 pls., 15 
figs 

Deas ription of Age Groups XV, XVI, XVII, and 

<VIII, Being the Third Issue of a Survey of 
the Carnegie Collection. Contr. 211, vol. 
XXXII, pp. 133-2038, 12 pls., 36 figs. 

A Review of the Histogenesis of Cartilage =e 

Bone. Contr. 220, vol. XXXIII, pp. 149-167, 


pls., 7 figs. 

(Prepared er publication by Chester H. Heuser 
and George W. Corner.) Description of Age 
Groups XIX, XX, XXI, XXII, and XXIII, 
Being the Fifth Issue of a Survey of the Car- 
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WILLIAM K. 
GREGORY 


L. C. DUNN 
Editor 


EVOLUTION EMERGING 
Volume I & Volume II 


In these volumes, the epic of evo- 
lution is set forth and summarized 
from the evidence distilled from 
the author’s 50 years of study, 
investigation, and teaching in the 
American Museum of Natural 
History and Columbia University, 
and from his field studies in Aus- 
tralia, New Zealand, Africa, 


Galapagos Islands, Sargasso Sea, 
and the West Indies. Volume I 
contains the textual material and 
Volume II contains the illustra- 
tions, which provide the concrete 
evidence of evolution as an ever- 
present phenomenon. $20.00 the 
set 


GENETICS 
in the 20th Century 


This book contains a collection of the papers presented at the Jubilee 
Meeting of the Genetics Society of America in September 1950. It 
brings together papers by the following representative leaders in the 


field of genetic research: 


RICHARD GOLDSCHMIDT 
HUGO ILTIS 

CONWAY ZIRKLE 

W. E. CASTLE 

H. J. MULLER 

A. H. STURTEVANT 
KENNETH MATHER 

A. E. MIRSKY 

T. CASPERSSON & JACK SCHULTZ 
M. R. IRWIN 

G. W. BEADLE 

BORIS EPHRUSSI 

JOSHUA LEDERBERG 

T. M. SONNEBORN 


C. D. DARLINGTON 

M. L. D. WHITE 
LAURENCE H. SNYDER 
L. S. PENROSE 

JOHN W. GOWEN 

C. C. LITTLE 

ARNE MUNTZING 

JAY L. LUSH 

J. C. WALKER 

PAUL C. MANGELSDORF 
TH. DOBZHANSKY 
JULIAN HUXLEY 


$5.00 
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Genie of the Analytical Lab. . . 


KERN” g 
LK 30 


MICRO-Electrophoresis 
Apparatus 


REALLY PORTABLE! 


Total weight of instrument is only 53 Ibs. Its dimensions are 16” x 184” x 
114”. A complete quantitative analysis within 1} hours! Analyzes 
MICRO quantities (0.1 cc. of serum) with standard deviation of only 
+ 1.1% using a 1.5% solution. The only instrument that gives a com- 
plete picture of the distribution of refractive index over the entire cross- 
section of the cell! Readily adaptable for diffusion measurements. 
Simple to operate. 


Write today for latest literature 


KERN COMPANY 
7 Beekman St., New York 38, N. Y. 


KERN INSTRUMENTS 
Reliable In All Ways 


FULL-CIRCLE 
POLARIMETER 
For the determination of sugar 
and other optically active sub- 
stances. Accurate; low priced! 


COLPOSCOPE 
and 
COLPOGRAPH 


Ins*ruments that are indispen- 
sable in the examination, ther- 
apy, and recording of findings 
within the vaginal cavity. 
Magnifies image ten times! 


RESEARC 


MODEL INDUSTRIAL 
MODEL 
LABORATORY 
MODEL 


Cambridge pH Meters 


The three portable models illustrated above incorporate new | 
and important advantages. A.C. line operation eliminates | 
battery nuisance. Laboratory and Research models use 
electron-ray tube for precise null-point indication. Indus- 
trial model is direct-reading, continuous-indicating; rug- 
gedly built for plant use. 

Accuracy: Research .02 pH, Laboratory .05 pH, Industrial .10 pH. 


Cambridge PH equipment also includes single- and multi-point 
indicators and recorders. Send for Bulletin 910-M. 


CAMBRIDGE INSTRUMENT COMPANY, INC. 
3748 GRAND CENTRAL TERMINAL, NEW YORK 17, N. Y. 
Pioneer Manufacturers of 


PRECISION INSTRUMENTS 
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Perfect Microscope LAMP 
NEW ILLUMINATOR CLAMPS TO MICROSCOPE 
Jusures 
INTENSE 
CORRECT 


illumination 


PERFECT 
Alignment 


| TIME 
and SPACE 


“TIC” ILLUMINATOR 


The new “TIC ILLUMINATOR” ends illumination diffi- 
culties. Ideal for all routine examinations, oil 50 
immersion, darkfield, projection, photography, 9 Q 
phase, etc. 110 Volt A.C. eo 
@ Write for list of used laboratory equipment 
TECHNICAL INSTRUMENT CO. 


1508 Divisadero Street, San Francisco, California 


SPECIALISTS FOR SCIENTIFIC INSTRUMENTS 
MICROSCOPES REFRACTOMETERS BALANCES 
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Edition 
Zoethout-Tuttle’s Textbook of 


PHYSIOLOGY 


Success for a textbook is measured by only two gauges—its popularity with in- 
structors and its appeal to students. When it has passed these two rigid tests, all other 
qualities for classroom literature may be assumed. 


Zoethout-Tuttle’s TEXTBOOK OF PHYSIOLOGY has become more popular 
with each succeeding edition because it stressed function of all organs from its incep- 
tion. And along with highlighting the inter-dependence of all the organs, much space 
has been devoted to nutrition, physical exercise, mental work, fatigue, and kindred 
topics not usually discussed in books on Physiology. 


In the New Eleventh Edition, the newer terminology for the respiratory volumes 
has been employed; Nielson’s method of artificial respiration has replaced Schaefer's 
and the subject of neural control of pulmonary ventilation has been recast. Energy 
balance and body-weight balance have been carefully gone over. Greater emphasis has 
been placed on the dynamic equilibrium of the various body constituents. The newer 
conception of the functions of the prefrontal and orbito-frontal cerebral areas in their 
relation to psychosomatic reaction has been noted. 


Thirty-eight new or redrawn illustrations have been added and the bibliography 
has been considerably enlarged. 


Typical of the remarks from those using TEXTBOOK OF PHYSIOLOGY, 
is the following: 
“This text is well-written, excellently illustrated, and appealing. 
Student response to its adoption and use has been enthusiastic. We 
should not hesitate to recommend to others requiring such a text.” 


—W. L. D., Assoc. Prof. of Biology 
Kentucky State College 


If you are not using Zoethout-Tuttle, would you like to see a copy of the New 
Eleventh Edition? We’ll be glad to send you one for consideration. 


By WILLIAM D. ZOETHOUT, Ph.D., Professor Emeritus of Physiology in the 
Chicago College of Dental Surgery (Loyola University); and W. W. TUTTLE, 
Ph.D., Professor of Physiology, College of Medicine, State University of Iowa. 
692 pages, 302 illustrations (5 in color). Price, $4.75. 


Send orders and inquiries to 3207 Washington Blvd., St. Louis 3, Missouri. 


Published by— 


The ©. V. MOSBY Company 


Scientific Publications 
SAINT LOUIS SAN FRANCISCO NEW YORK 


October 3, 1952 
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FOR IMMEDIATE DELIVERY! 


SARTORIUS 
MICROTOMES 


STANDARD #27 (illustrated) . $163.50 
574.00 
585.00 


also available are 


IMMERSION and 
BRAIN MICROTOMES 


For literature write to 


SARTORIUS DIVISION 


C. A. BRINKMANN & (CO. 


P. O. Box 532 Great Neck, L. I., N. Y. 


| Dispense .025 cc to 120 ct- | 
Pipette automatically 

to .001 precision with | 
| 

| 


Trade-Mork 


M. 
(Mass Spectrometer Checked) 


RARE GASES 
+ NEON ARGON KRYPTON - XENON 


ILAMATIC 


Automatic Pipette 


At leading research 
center in altimore 
Filamatic dispensed 
volumes of 0.5 cc with 


an average variation of 
.001 cc. Amazing results 
prove Filamatic 10 
times more accurate 
than heretofore pos- 
sible with automatic 
pipetting machines. 

@ Adjustable speed — 6 to 
90 deliveries per minute. 

@ Heavy duty, 1/30 HP 
Gearmotor. 

@ Micrometer type adjust- 
ment of delivery volume. 
@ Electronic control— @ Aseptic filling unit—in- 
Maintains constant motor stantly removable for 
torque at all speeds. cleaning or sterilizing. 


@ Ask dealer to demonstrate.Write for Bulletin S-9. 


National Instrument Co. 


5005 Queensbury Ave. Baltimore 15, Md. 
+ 
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assure you gases of known purity and uniformly high | 


_ from the atmosphere, can meet your individual 


Linde Rare Gases are mass spectrometer checked to — 


quality. Available in commercial-size cylinders and | 
glass bulbs. 


Linve, the world's largest producers of gases derive 


of purity... volume ... mixtures... containers... 


LINDE AIR PRODUCTS COMPANY 


A DIVISION OF 
UNION CARBIDE AND CARBON CORPORATION 


30 East 42nd Street New York 17, 
"ln Canada: Dominion Oxygen Company, Limited, Toronto 
form “Linde” is a registered trade-mark of Union Carbide and Carbon Corporation: 
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INSTRUMENT 
ENGINEERING 


By C. S. DraPer 
Head, Department of Aeronautical Engineering 
Director, Instrumentation Laboratory 
W. McKay 
and S. Lees 
Associate Professors of Aeronautical Engineering 
The Massachusetts Institute of Technology 


Instrument Engineering (Three Volumes) presents a generalized method of attack on the prob- 
lems of measurement and control. It is a comprehensive reference for the practicing engineer 
and a textbook of unusual completeness for students familiar with college physics and dif- 
ferential equations. Concepts, theory, methods and results are combined in a unified pattern 
that is effective in handling both simple and complicated situations. 


This pattern is developed in three phases that are illustrated by examples based on measuring 
instruments, control system components, regulators, servomechanisms, feedback controllers and 
computers. 


Volume 1. Methods for Describing the Situation of Instrument Flight. 269 pages, $6.00 


—develops a system of concepts, notations, diagrams and mathematical forms for describing the 
performance of physical devices and variations in physical quantities. It provides a description 
of the physical circumstances under consideration by means of diagrams, mathematical forms, 
curves and numerical data. 


Volume II, Methods for Associating Mathematical Solutions with Common Forms. 
Ready in October 


—reviews the mathematical background of several methods for associating solutions with these 
descriptive forms and illustrates procedures by actual derivations of quantitative results for a 
number of generally useful examples. The classical, Laplace transform and weighting function 
methods for solving ordinary differential equations are developed in terms of nondimensional 
working variables. Procedures for using these methods are illustrated by a number of 
generally applicable examples with details shown for all the mathematical steps required to 
produce final results in the form of quantitative curves with dimensionless coordinates. 


Volume I11. Application of the Instrument Engineering Method. Ready in November 


—is made up of examples that use the materials of Volumes | and II for representing instru- 
ment engineering situations and finding solutions for the mathematical forms involved. In each 
example the physical interpretation of the solution is discussed in terms of important factors of 
the original problem. The examples of Volume III are based on meters, measuring system com- 
ponents, control system components, computing system components, regulators, servomecha- 
nisms, feedback control systems, computers and other examples of the field of measurement con- 
trol. These illustrations are chosen so that they demonstrate the application of the instrument 
engineering procedure pattern to practical problems and also provide immediately available 
quantitative information on a considerable number of commonly used components and systems. 


Send for a copy on approval 


McGRAW- HILL BOOK COMPANY, Inc. 


330 West 42nd Street New York 36, N.Y. 


October 3, 1952 


31 


AVAILABLE IN ENGLISH FOR THE FIRST TIME— 


Trautmann and Fiebiger's TEXTBOOK OF HISTOLOGY AND COMPARATIVE ANATOMY 


OF THE DOMESTIC ANIMALS, a German classic in the field 


FUNDAMENTALS OF THE HISTOLOGY OF DOMESTIC 
ANIMALS By Alfred Trautmann, Dr. Med. Vet., 


and Joseph Fiebiger, Dr. Med. and Dipl. Vet. Translated 
and revised by Robert E. Habel, New York State Vet- 
erinary College, Cornell University, and Ernst L. Biber- 


D.V.M. 


stein, 


Important species differences that cannot be taught effectively 
from the textbooks in human histology hitherto employed in 
teaching veterinary histology are made clear in this book. The 
horse, ox, goat, pig, dog, cat, and fowl are covered and occasional 
reference is made to the peculiarities of small laboratory rodents 
and man. Particular emphasis is placed on the relation of histol- 


ogy to physiology and pathology. 


Because of the emphasis on microscopic anatomy, rather than 
cytology in the illustrations, the book is particularly well adapted 
to aid the student in his study of the usual teaching preparations 
with the student’s microscope. Important differences and simi- 
larities between the tissues of the various domestic animals are 


brought out by the comparative treatment. 


439 pages, 450 illustrations (including 43 in color), $8.75 


Order from COMSTOCK PUBLISHING ASSOCIATES 


A division of Cornell University Press 
124 Roberts Place @ Ithaca, New York 


OTHER COMSTOCK BOOKS IN VETERINARY 
SCIENCE 


NUTRITION OF THE DOC. 

By Clive M. McCay, Cornell University. 347 
56 tables, 47 figs. 2nd ed. 1949. si m0 
THE PHYSIOLOCY OF DOMESTIC ANIMALS. 

By H. H. Dukes, Cornell University. 829 pp., 
184 illus., 6th ed. 1947. $7.50 


PATTERNS OF MAMMALIAN REPRODUCTION. 


B. S. A. Asdell, Cornell University. 447 pp., 12 
plates, many tables. 1946. $5.00 


MANUAL OF VETERINARY CLINICAL 
PATHOLOGY. 

By David L. Coffin, The Angell Memorial Animal 
Hospital. Third edition in preparation. 


THE INFECTIOUS DISEASES OF DOMESTIC 

ANIMALS: With Special Reference to Etiology, 
gnosis, and Biologic Therapy. 

By William Arthur Hagan and Dorsey William 

Bruner, Cornell University. 950 pp., 23 tables, 

155 illus. 2nd ed., 1952. $8.75 


for 
LABORATORY 
WORK 


e American-Lincoln Incubators are 
known for their accuracy and re- 
liability. They are used by many 
well-known laboratories. 


ANIMAL CAGES 
—for mice, rats 
and rabbits, special 
racks and cages 
built to order. 
Ventilation and humidity are 
easily adjusted by definite controls, 
that make American-Lincoln Incu- 
bators the best for laboratory work. 
Made in a wide range of sizes to 


Write for liter- 
ature and list 
of institutions 
using our cages. 


suit any requirements. Complete 
* catalog furnishéd on request. 
AMERICAN-LINCOLN INCUBATOR CO. 


Dept. AS 645 Somerset Street New Brunswick, N. J. 


MODEL 2 
GME-LARDY 
WARBURG 


the NEW 
QUIET 


IMMEDIATE DELIVERY 
$675 with Ni. plated copper tank 


and glassware clamps 
Heavy stainless steel tank $45 extra 
— 4 FRANKLIN AVE., — MADISON 5, WIS. 


GM 
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olongmans Wools 


Baker 


Lewis 


Stewart 


Hughes 


Flood & 
West 


55 Fifth Avenue New York 3, N. Y. 


October 3, 1952 


ABRAHAM TREMBLEY OF GENEVA 


By John R. Baker. Biography of the 18th century Swiss scientist whose studies 
of the processes of growth and reproduction are part of the basic knowledge of 
modern biology and medical science. Ready, Oct. 1952. 280 pages. 50 illustra- 
tions. About $7.00. 


EDWIN CHADWICK and the Public Health 
Movement, 1832-54 


By R. A. Lewis. Biography of the chief advocate of the “Sanitary Idea,” and 
leader in the fight for better health for all. Ready, Nov. 1952. 408 pages. 
About $5.50. 


A PROSPECT OF CITIES 


By Cecil Stewart. Studies towards a history of town planning, based on the 
origin and growth of selected cities, from Greece to modern times. Ready, Oct. 
1952. 208 pages. Illustrated. About $4.50. 


WITCHCRAFT 


By C. J. Pennethorne Hughes. A study of witchcraft from its origin in ancient 
times, its development in the medieval period, and its partial decline in the 
modern era. Aug. 1952. 228 pages. 8 illustrations. $4.00. 


DICTIONARY OF SCIENTIFIC AND 
TECHNICAL WORDS 


By W. E. Flood and Michael West. A pronouncing and explanatory dictionary, 
for the layman and the beginner in science, based on about fifty scientific terms, 
using a vocabulary of about one thousand explanatory words, covering about 
ten thousand items, in some fifty different fields of knowledge. Aug. 1952. 397 
pages, double column. 1000 small line cuts. $2.25. 


LONGMANS, GREEN & CO., Inc. 
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Copy (1) parts of large drawing 
without removing from drawing 
board; (2) small diagrams, signa- 
tures and sketches, or (3) full- 
page graphs, charts, prints, speci- 
fications? 


End drudgery of longhand-copying 
and proofreading notes? Contoura- 
copied manuscripts, bound abstracts, 
and articles are letter-perfect, need 
no checking. 


Make record copies of research notes 
right from test-finding lab note- 
book, longhand memos, sketches, | to 8'2” x14”, from son-circu- 
projected ratings and verified read- | lating books without lugging heavy 
ings? volumes to photo copy company? 


Copy excerpts, or entire pages up 


NEW MEDICAL MICROSCOPE 


HIGHEST 
QUALITY 
despite the low price. 
Satisfaction guaran- 
teed. Sold on ten days 
approval 
Equipped with: 
5x and 10x Oculars 
Achromatic Objectives 
16mm (10x) m.a. 0.30 
4mm (44x) m.a. 0.66 
100x oil immersion 
abbe condenser with 
iris diaphragm 
Plano-concave mirror 
and GRADUATED 
mechanical stage, 
with carrying case 


$255.00 


10% discount on 5 
or more. 
Write for catalogue 


MODEL GKM3 


We accept old microscopes in trade—all makes. 


EXPERT REPAIR WORK 


THE GRAF-APSCO CO. 
5868 Broadway Chicago 40, Ill. 


YOU CAN ... with the NEW 


» Portable PHOTO-COPIER 


TRULY PORTABLE! Only 4 Ibs.; fits in briefcase. Use 
it anywhere. COPIES ANYTHING written, printed, or 
drawn up to 812” x14” whether ink, pencil or crayon 
. even if on both sides! CLEAR COPIES only 7¢! .. . 
including tightly bound curved pages! NEEDS NO DARK- 
ROOM; make exposure under normal incandescent light- 
ing. ELIMINATES ERRORS of longhand-copying, typing 
and proofreading! Affords time and money savings never 
thought possible! Write for free folder $-30 now. 


* MODELS AS LOW AS $39 * 


BA SSOCIATES 


30 Pease Rd. 


For MEASUREMENT of SKIN RESISTANCE 


Garceau RECORDING 
PSY CHOGALVANOMETER 


For the study of the 


psychogalvanic reflex 
and skin resistance. 
The instrument is 


direct-reading and gives 
a written record of the 
reaction of the patient. 


$775.00 


Price 


Garceau 


CLINICAL DERMOHMETER 


For clinical and experimen- 
tal investigation of disorders 
involving sympathetic reac- 
tion, such as pain reflexes. 
In the psychological labora- 
tory, the instrument has a 
well-known application as a 
so-called “‘lie detector’’. Re- 
sistance is read directly from 
a calibrated dial. Small vari- 
ations, greatly magnified, are 
shown on the meter. Battery 


operated. Price .... $115.00 


ELECTRO-MEDICAL LABORATORY, INC. 
New Address—SOUTH WOODSTOCK 2, VERMONT, U.S.A. 
Pioneer manufacturers of the electroencephalograph 
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Successful Performance of the Newly Developed 


RUDOLPH PHOTOELECTRIC POLARIMETER 


Has found 
many satisfied 
customers 
because of 
Greater Pre- 
cision, Reduc- 
tion of Eye 
Fatigue by 
Eliminating 
the Visual 
Photometric 
Field, Avoid- 
ing the Neces- 
sity for a Dark- 
Room. 


FOR FURTHER INFORMATION WRITE TO 


O. C. RUDOLPH & SONS 


MANUFACTURERS OF OPTICAL RESEARCH AND CONTROL INSTRUMENTS 
P. O. Box 446 CALDWELL, N. Jj. 


Brand New! 


PHIPPS & BIRD 


PIPETTE WASHER 


Hew it is, the new Phipps & Bird Pipette Washer! Notice the 
chamber is constructed entirely of virtually unbreakable chemical- 
resistant plastic. This type of construction eliminates usual hazards 
of overflow. Rack is fabricated of chemical-resistant stainless steel. 


No elaborate connections are necessary for installation. Simply 
connect hose from input on washer to standard laboratory faucet. 
Chamber dimensions 34%” x 18”; dimensions of rack 27” i.d. x 18” 


tall. 


Cat. No. 71-227 $42.50 


ne Plastic chamber accessory — 
, INC. same dimensions as Washer 


chamber. Used for pipettes dur- 


N ACTURERS @ DISTRIBUTORS ing soaking period. $10.00 ea. 
RICHMOND. VIRGINIA 
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PHYSIOLOGICAL 


APPARATUS 


for SCHOOLS and COLLEGES 


Flexible leaden-arm adjusting holder for electrodes, attachable to any stand. One 
$3.70—without stand. 


fourth the actual size. Holder, $2.75; Silver electrodes, 


] Tue Harvarp Apparatus Company is 
| incorporated as a non-profit organiza- 
tion for the furtherance of teaching 
} and investigation in the Medical Sci- 


ences. 


In providing sound apparatus for the 
student at low cost, it perpetuates an 
enterprise which originated many years 
ago in the machine-shop of a Univer- 
sity laboratory as a contribution to the 
growth of American physiology. 


Its product goes direct to the labora- 


tory—to high-schools, junior colleges, 
universities, and institutes for research, 


Write for new prices 


Harvard Apparatus Co., Inc. 
Dover, Massachusetts 


A FLEXIBLE.SELF-POWERE 
PORTABLE BLACKLIGHT 


IDEAL FOR: 
Classroom instruction 
Laboratory checking 
Field-testing specimens 
Medical Diagnostic Procedures 
Various models and accessories available. Send for detailed 


literature on the Menlo Fluoretor and data on uses in 


your field. 


MENLO RESEARCH LABORATORY 
Drawer A-20, Box 522, Menlo Park, Calif. 
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G.A.B. Interference Filters 


(Made in Switzerland) 
for isolating narrow spectral bands 


| 
i 


<== 


i 
| 


—— 


\ 
450 300 600 650 700 730 
WAVE LENGTH mp 


Spectral Range: 400-900 millimicrons 
Spectral Width: 2-15 my, Transm.: 45-50% 
Size: 2” x 2”. Other sizes on order. 


50 


For 
Flame Photometry and Color Densitometry 
Microscopy and Photomicrography 
Colorimetry and Fluorimetry 
also in reflectometry, light scattering 


metry, in ali 
other fields requiring monochromatic light in the visible 
and near-infrared range. 


Write for Bulletin #180 to 


PHOTOVOLT CORP. 
95 Madison Ave. New York 16, N. Y. 
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KLETT 
ELECTROPHORESIS 


CUSTOM MADE 


TOOL FOR THE ANALYSIS 
OF COMPLEX COLLOID SYSTEMS, AND FOR 
THE CONTROL OF PRODUCTION OF 

PURIFIED PROTEINS, ENZYMES, HORMONES 


KLETT MANUFACTURING CO. 
179 EAST 87TH STREET 
NEW YORK, N. Y. 


116 


RARE CHEMICALS OF HIGH PURITY 
TO SUPPLY THE NEEDS OF BIOCHEMICAL RESEARCH 
Detailed, Pertinent, Analytical Data For Every Product 


L-Tartaric Acid (Unnatural) Oxalacetic Acid 
CARBOHYDRATE D-Malic Acid (Unnatural ) Oxalsuccinic Acid 
INTERMEDIATES D-Isocitric Acid (Natural) cis-Aconitic Acid 
a-Ketoglutaric Acid 


ANTI-VITAMINS | Sodium w-Methylpantothenate 


D & L-Homocystine D-Cystine 

D & L-Homocysteine Thiolactone DL-Hydroxylysine 

D & L-Methionine L-Thiolhistidine 

D & L-Ethionine L-Ergothionine 

D & L-Serine Glycylglycine 
L-3,4-Dihydroxyphenylalanine (DOPA) 


Pyridoxal Phosphate Dimethyl-8-Propiothetin 
ALSO | Phenylpyruvic Acid 


CALIFORNIA FOUNDATION 
FOR BIOCHEMICAL RESEARCH 
3408 Fowler Street, Los Angeles 63, Calif. 

A NON-PROFIT CORPORATION 
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GET YOUR ADVANCE COPY 
of the General Program-Directory 
of the St. Louis Meeting of the AAAS 
By first class mail — early in December 


The General Program-Directory of the 119th Meeting of the AAAS in St. Louis, December 26-31, 
1952, will be available to anyone, at cost, within the first week in December—whether he can attend 
the Meeting or not. This year the General Program will be much simplified in format and the Directory 
content increased. You will want it for your reference shelf. 


Program content Directory content 

1. The General Symposia: “Disaster Recovery” and 1. AAAS officers and staff for 1952. 

7 a . 2. Complete roll of AAAS presidents and their fields. 
2. Programs of the 18 AAAS sections and subsections : “pe 

(symposia and contributed papers). 3. The 236 affiliated organizations. 
3. Programs of the more than 30 participating societies. 4. Historical sketch and organization of the Associa- 
4. The Special Sessions: AAAS, Academy Conference, —_ 

Conference on Scientific Manpower II, National 5. Publications of the Association. 

Geographic Society, Phi Beta Kappa, RESA, = ’ 

Sigma Xi. 6. AAAS Awards and Grants—including all past 
5. Details of the Kiel Auditorium, downtown hotels, a" 

Washington University. 7. Membership figures by sections. 
6. Titles of the latest scientific films to be shown in 8. Section committees (Council members) in detail. 

the AAAS Science Theatre. 


7. Exhibitors in the 1952 Annual Exposition of Science 


and Industry and descriptions of their exhibits. 10. Future Meetings of the AAAS. 


Advance Registration 


Advance registration—if you can attend the Meeting—has these advantages: 1) You avoid delay at Registration 
Desks upon arrival; 2) You receive the General Program-Directory in ample time, unhurriedly, to decide among 


events and sessions you particularly wish to attend; 3) Your name is posted in the Visible Directory as the Meeting 
opens. 


The coupon below may be used both by advance registrants and by those who wish only 
the advance copy of the General Program-Directory. 


——— THIS IS YOUR COUPON FOR AN ADVANCE COPY OF THE GENERAL PROGRAM-DIRECTORY ——— 


la. ZF Enclosed is $2.50 for my advance Registration Fee which brings me the Program-Directory, Convention Badge, 
and all privileges of the Meeting. 


1b. () Enclosed is $1.50 for only the Program-Directory. (If you should attend the Meeting, later, Badge and privileges 
secured for $1.00 more.) 
ec one 


(Please print or typewrite) (Last) (First) (Initial) 


3. ACADEMIC, PROFESSIONAL, OR 
BUSINESS CONNECTION 


5. YOUR FIELD OF INTEREST 
6. CONVENTION ADDRESS 


(May be added later, after arrival) 


Please mail this Coupon and your check or money order for $2.50 or $1.50 to the 
AMERICAN ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE 
1515 Massachusetts Avenue, N.W., Washington 5, D. C. 
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The new Kopp-Natelson Microgasometer is the 
answer to simple, fast and accurate determination 
of gases from ultra-micro volumes (0.03 ml) of 
blood, plasma, serum, etc. All the steps formerly 
required by older techniques are combined in one 
simple operation—so simple in fact that a tech- 
nician can master it thoroughly in a matter of 
minutes. 


In routine clinical analyses the Kopp-Natelson 
Microgasometer produces positive determinations 
of unparalleled accuracy—and at unbelievable 
speeds. A single determination including washing 
the instrument can be made in a fraction of the 
time required by older macro devices. 


Drawing in and measuring of sample and 
reagents, producing reduced pressure, shaking of 
mixture in reaction chamber and taking mano- 
metric readings at constant volumes is a con- 
tinuous operation—accomplished by simply turn- 


serving scientists for over 50 years with— 


Specialized Glass Apparatus 


Let E. Machlett & Son furnish an estimate 
on your particular needs in glass apparatus 
precisely made to your specifications. 


October 3, 1952 


Kopp-Natelson 
Microgasometer 


ing one whcel. No special pipette is needed for 
sampling because a built-in, interchangeable micro- 
pipette of precision calibration enables direct sam- 
pling from finger tip or heel. Mercury seals and 
mercury globules in tip of pipette prevent any 
contact with air during operation. 


The Kopp-Natelson Microgasometer can also 
be used to good advantage in macro gasometer 
analysis, where manometric procedures are used. 
These can be quickly adapted to micro quantities 
with this instrument. 


21-548 Kopp-Natelson Microgasometer is equipped 
with heavy Pyrex brand glass parts which are replace- 
able and easily interchangeable. Vacuum ground stop- 
cocks with Kopp exclusive tension lock devices. 
Manometer is engine graduated in millimeters from 0 
to 350 mm. Only 14 mi of mercury are needed for op- 
eration. Weight 15 Ibs. Price complete as illustrated 
(without mercury) with reagent rack with vials and 
plastic cover. F.0.B. New York, N. Y. $345.00 


E. MAcHLeTT & SON 


ESTABLISHED 18607 
APPARATUS - SUPPLIES + CHEMICALS 
220 East 23rd Srreet: New Yor« 10,N.Y. 
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UNIVERSITY PRESS 


Man and 
Epidemics 


By C.-E. A. WINSLOW. The conquest of epidemic 
diseases is one of the outstanding achievements of 
man in the past century. This book presents for 
the general reader the fascinating account of the 
modern methods of control that make it possible for 
the average citizen to draw pure water from the 
faucet, enjoy a sanitary milk supply, eat food with- 
out fear of infection. It also provides a historical 
and philosophical background for the professional 
worker in the field of public health. 


Dr. Winslow, professor emeritus of public health 
at Yale, is special consultant to the World Health 
Organization. Illustrated, $4.00 


Symmetry 


By HERMANN WEYL, author of Philosophy of 
Mathematics and Natural Science. Displaying the 
great variety of applications of the principle of 
symmetry in the arts and in nature, this book demon- 
strates its philosophic and mathematical signifi- 
cance. Numerous illustrations, making this a hand- 
some book, are taken from many fields of art and 
science. $3.75 


Order from 
your bookstore 


PRINCETON 
University Press 


the E & G Lamp 


provides con- 
trolled, cool, 
bright light 


at 
unbelievably 


200-300 POWER MICROSCOPE SET 


The comple‘e laboratory for the naturalist. Set includes pre- 
microscope | with rack and pinion focusing, 2 eye- 
pieces, lamp, 12 , blank slides, tweezers, 


etc., wooden carrying case, complete, only $29. 95 
80-500 POWER TRIPLE NOSEPIECE 


The optical performance of a research 
instrument at a fraction of the cost! 
Achromatic objectives: 10x, 20x, 40x. 
Eyepieces: 8x, 12.5x. Rack and ‘pinion 
focusing. Fitted wooden cabinet. 


only $49.95 
OTHER MODELS AVAILABLE 
200x rack and pinion $11.95 
300x revolving eyepiece 
100-250x double nosepiece 2.50 
ALL INSTRUMENTS FULLY GUARANTEED 
Postpaid except on C.O.D.’s 
Send check or money order or write for 
illustrated literature to: 


UNITED SCIENTIFIC CO. 


204-6 Milk St., Dept. R-95, Boston 9, Mass. 
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E&G microscope lamp 
Versatile... 
) 
low 
or write direct to manufacturer. — 
GRAY 
a 854 S. Figueroa St., Los Angeles 17, Calif. 
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INTERSCIENCE 


Weissberger: 
TECHNIQUE OF ORGANIC CHEMISTRY 


Edited by Arnold Weissberger, Research Laboratories, Eastman Kodak Company. 


The series is devoted to a comprehensive presentation of the techniques which are used 
in the organic laboratory and which are available for the investigation of organic com- 
pounds. The authors give the theoretical background for an understanding of the various 
methods and operations and describe the techniques and tools, their modifications, their 
merits and limitations, and their handling. 


Volume |: PHYSICAL METHODS OF ORGANIC CHEMISTRY 
A collective volume by 32 prominent authors. 


Second edition, completely revised and augmented. In two parts. Part I: 1949. 1084 pages, 395 illus., 
93 tables. $13.50 Part II: 1949. 1036 pages, 355 illus., 63 tables. $13.50. 


Volume II: CATALYTIC REACTIONS, By V. I. Komarewsky, Illinois Institute of Technology, and C. H. Riesz, 


Institute of Gas Technology, Chicago, Il. PHOTOCHEMICAL REACTIONS, By W. Albert Noyes, Jr., 
and V. Boekelheide, University of Rochester, N. Y. ELECTROLYTIC REACTIONS, By Sherlock Swann, 
Jr., University of Illinois, Urbana, Ill. 1948. 229 pages, 66 illus., 9 tables. $5.00 


Volume Ill: HEATING AND COOLING, by R. 8. Egly, Terre Haute, Ind. MIXING, by J. J. Rushton, Chicago, 


Ill., and M. P. Hofman, Troy, Pa. CENTRIFUGING, by Harold B. Golding, Boston, Mass. EXTRAC- 
TION AND DISTRIBUTION, by L. C. Craig, Rockefeller Institute for Medical Research, New York, 
and D. Craig, Brecksville, Ohio. DIALYSIS AND ELECTRODIALYSIS, by R. E. Stauffer, Rochester, 
N. Y. CRYSTALLIZATION AND RECRYSTALLIZATION, by R. S. Tipson, Pittsburgh, Pa. FILTRA- 
TION, by A. B. Cummins, Manville, N. J. SOLVENT REMOVAL, EVAPORATION AND DRYING, pA 
$13. 


Geoffrey Broughton, Lowell, Mass. 1950. 672 pages, 325 illus., 43 tables. 
Volume IV: DISTILLATION—Theory, by A. and E. Rose. Ordinary Fractional Distillation: Apparatus, A. L. Glase- 


brook and F, E. Williams. Procedure, by F. E. Williams. Extractive and Azeotropic Distillation, by ©. S. 
Carlson. Distillation of Liquefied Gases and Low-Boiling Liquids, by A. and E. Rose. Distillation under 
Moderate Vacuum, by J. R. Bowman and R. 8S. Tipson. Distillation under High Vacuum: Distillation, by 
E. 8S. Perry. The Vacuum System, by J. C. Hecker. Sublimation, by R. S. Tipson. 1951. 696 pages, 293 
illus., 97 tables. $14.00 


Volume V: ADSORPTION AND CHROMATOGRAPHY 


By Harold Gomes Cassidy, Sterling Chemical Laboratory, Yale University, New Haven, Conn. 1951. 
380 pages, 53 illus., 54 tables. $7.00 


Scheduled for publication in Spring, 1953 


INVESTIGATION OF RATE AND MECHANISM OF REACTIONS 


Authors—G. M. Burnett, B. Chance, 8. J. Friess, E. Grunwald, F. M. Huennekens, T. H. James, T. 
S. Lee, J. Leffler, R. Livingston, H. W. Melville, B. K. Morse, P. O’Connor, W. J. Priest, F. J. W. 
Roughton, W. D. Walters. 


From the reviews (Vol. IV). 


‘*Sooner or later every organic laboratory will find use for this excellent volume which 
continues the fine work of the previous volumes. Eventually this will be expanded .. . 
This group will be put to good use in most organic laboratories, for it provides a wealth 
of knowledge in readily accessible form.’’—The Accelerator 


For a free copy of our latest catalog, write to: CATALOG DEPARTMENT, 


INTERSCIENCE PUBLISHERS, INC., 250 Fifth Avenue, New York 1, N. Y. 
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New 


Radically 
different! 


“ZIRCONARC” PHOTOMICROGRAPHIC LAMP 


For better black-and-white and 
color photomicrographs 


Combines the concentrated light of the Western Union 
are light bulb (about 1 mm dia.) with our fluorite- 
coated, 7-element aplanatic optical system of highest 


ADJUSTING 
KNOB 


correction, free from chromatic aberration. . . . Prac- 
tically harmless to living cultures. . . . Built with the 
same precision as the microscope itself. Over-all 
length of lamp, 10”. Height, 6%”. Base, 4%" x 
6%”. Price, complete with power unit and 40-watt 
bulb, $325. Order direct or from leading supply 
dealers. 


Write for Bulletin ZL-321S 


FISH-SCHURMAN CORPORATION 
74 Portman Road, New Rochelle, N. Y. 


BIND °EM... 
and you'll 
find them! 


Keep your copies of SCIENCE always available for quick, 
easy reference in this attractive, practical binder. Simply 
snap the magazine in or out in a few seconds—no punch- 
ing or mutilating. It opens FLAT—for easy reference and 
readability. Sturdily constructed—holds 26 issues. 


This beautiful maroon buckram binder stamped in gold 
leaf will make a fine addition to your library. Only $2.75 
postpaid (personal check or Money Order please). Name, 
70¢ extra—year of issue, 40¢ extra. ORDER YOURS NOW! 


SCIENCE @ 1515 Mass. Ave., N.W., Washington 5, D. C. 


“Meetings & Conferences 


Oct. 10. Kessler Institute for Rehabilitation. Conference 
on Rehabilitation of the Paraplegic. West Orange, N. J. 

Oct. 10. National Noise Abatement Council (Annual). 
Armour Research Foundation, Illinois Institute of 
Technology, Chicago. 

Oct. 12. Industrial Packaging and Materials Handling 
Exposition. Coliseum, Chicago. 

Oct. 12-15. American Forestry Association (Annual). 
Battery Park Hotel, Asheville, N. C. 

Oct. 12-16. Orthopedic Appliance and Limb Manufactur- 
ers’ Association. Hotel Statler, Washington, D. C. 

Oct. 12-16. World Medical Association. Athens. 

Oct. 13. Porcelain Enamel Institute. Ohio State Univer- 
sity, Columbus. 

Oct. 13-15. Conference on Electrical Insulation. Curtis 
Hotel, Lennox, Mass. 

Oct. 13-17. American Institute of Electrical Engineers 
(Fall general). New Orleans. 

Oct. 13-17. Diffraction School. North American Philips 
Company, Mt. Vernon, N. Y. 

Oct. 16-18. Congrés Mondial des Médecins pour 1’Etude 
des Conditions Actuelles de Vie. Montecatini, Italy. 

Oct. 16-18. Congreso Internacional de Terapeutica de la 
Union International de Thérapeutique. Madrid. 

Oct. 17-18. American Physical Society, New York State 
Section (Fall). Cornell University. 

Oct. 18. Ways of Science Conference (Annual). Roosevelt 
College, Chicago. 

Oct. 18-24. National Metal Congress and Exposition, 
sponsored by the American Society for Metals, Amer- 
ican Welding Society, American Institute of Mining 
and Metallurgical Engineers, and Society for Non- 
Destructive Testing. Philadelphia. 

Oct. 19-21. Industrial Recreation Conference (Annual). 
Purdue University, Lafayette, Ind. 

Oct. 19-23. National Rehabilitation Association (Annual). 
Seelbach Hotel, Louisville, Ky. 

Oct. 20-21. Independent Petroleum Association of 
America (Annual). Mayo Hotel, Tulsa. 

Oct. 20-22. American Oil Chemists’ Society (Fall). Neth- 
erland-Plaza Hotel, Cincinnati. 

Oct. 20-22. Detroit Institute of Cancer Research (An- 
nual). Engineering Society of Detroit, Mich. 

Oct. 20-24. American Ornithologists’ Union (Annual). 
Baton Rouge. 

Oct. 20-24. American Public Health Association (An- 
nual). Public Auditorium, Cleveland. 

Oct. 20-24. American Society for Metals. Convention Hall, 
Philadelphia. 

Oct. 20-24. National Safety Council. Conrad Hilton Hotel, 
Chicago. 

Oct. 23-24. Independent Petroleum Association of Amer- 
ica (Annual). The Skirvin, Oklahoma City. 

Oct. 23-24. Tanners Council of America (Fall). Edge- 
water Beach Hotel, Chicago. 

Oct. 24-25. Western Institute on Epilepsy (Annual). Los 
Angeles. 

Oct. 25. American Mathematical Society (Eastern). Yale 
University, New Haven, Conn. 

Oct. 25-30. National Society for Crippled Children and 
Adults. Fairmont Hotel, San Francisco. 

Oct. 27. American Gas Association (Annual). Auditorium, 
Atlantic City. 
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ARNOLD SOMMERFELD 


Electrodynamics 


Lectures on Theoretical Physics, Vol. III 
Translated by Edward G. Ramberg 


ARNOLD SOMMERFELD 


Mechanics 


Lectures on Theoretical Physics, Vol. I 
Translated by Martin G. Stern 


F. E. Simon, N. KurtTI 
J. F. ALLEN, K. MENDELSSOHN 


Low Temperature Physics 


J. F. DANIELLI and R. BRowN (Eds.) 
Structural Aspects of 
Cell Physiology 


Symposia of the Society for 
Experimental Biology, Number VI 


VAUGHAN T. BOWEN (Editor) 
The Chemistry and 
Physiology of the Nucleus 


Experimental Cell Research, Supplement 2 


(Supplied free of charge to subscribers to 
Experimental Cell Research, Vol. IIT) 


New Academic Press Publications 


f 
ae 


1952, xiv, 371 pp., illustrated, $6.80 
Contents: 

Fundamentals and Basic Principles of Max- 
well’s Electrodynamics — Derivation of the 
Phenomena from the Maxwell Equations — 
Theory of Relativity and Electron Theory — 
Maxwell’s Theory for Moving Bodies and 
Other Addenda — Problems — Answers and 
Comments—Author Index—Subject Index. 


October 1952, xiv, 290 pp., illustrated, 
approx. $6.80 

Contents: 

Introduction—Mechanics of a Particle—Me- 
chanics of Systems, Principle of Virtual Work, 
and d’Alembert’s Principle—Oscillation Prob- 
lems—The Rigid Body—Relative Motion—In- 
tegral Variational Principles of Mechanics 
and LaGrange’s Equations for Generalized 
Coérdinates — Differential Variational Prin- 
ciples of Mechanics—The Theory of Hamilton 
—Problems—Hints—Index. 


1952, vi, 132 pp., illustrated, $3.50 


Contents: 

Low Temperature Problems—A General Sur- 
vey—The Temperature Range below 1° Abso- 
lute—Liquid Helium—Superconductivity. 


September 1952, viii, 357 pp.. 
illustrated, $7.50 


This number contains the papers read at a 
Symposium of the Society for Experimental 
Biology, which was held at Bristol in July 
1951. It is the sixth of an annual series of Sym- 
posium Reports. 


1952, xx, 402 pp., illustrated, $7.00 


The subject matter of this volume was col- 
lected originally as a symposium on nuclear 
chemistry and biology. It was the Editor’s aim 
in organizing this conference to present vari- 
ous aspects of the growing but limited knowl- 
edge of the non-genetic properties and activi- 
ties of nuclei. By bringing together recent 
work of several divergent fields, it was hoped 
there would result a clearer picture of our 
present position, and indications of profitable 
directions for future investigation. 


Academic Press Inc., Publishers 


October 3, 1952 


125 East 23 Street, New York 10, N. Y. 
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PERSONNEL PLACEMENT 7 


YOUR ad here reaches over 32,000 foremost scientists 
in the leading educational institutions, industrial 
laboratories, and research foundations in the U. S. 
and 76 foreign countries—at a very low cost 
CLASSIFIED: 18¢ per word, minimum charge $3.60. Use of 
Box Number counts as 10 additional words. 
DISPLAY: $19.50 per inch, no charge for Box Number, 
Correct payment to SCIENCE must accompany all ads. 
Insertion usually made 2 or 3 weeks after receipt of ad. 


SCIENCE @ 1515 Mass. Ave., N.W., Wash. 5, D. C. 


||| POSITIONS WANTED 


Biochemist, Ph.D., 25. Research experience in enzymes, Sterols, 
and electrolytes. Publications. Desires research or academic posi- 
tion. Box 294, SCIENCE. x 


Literature Scientist—4 years’ experience synthetic organic research ; 
4 years’ literature ‘tee pharmaceuticals, New York area. 
Box 293, SCIENCE. 


Literature work wanted for research projects in Bioch., microbial, 
or allied fields. Experienced Ph.D. will devote spare time from 
teaching duties. Permanent arrangement or project basis, Mass. 
or Conn. Box 296, SCIENCE. 10/10, 10/17 


Positions Open: 

(a) Pharmacologist; full-time teaching; research, graduate school 
program; rank dependent qualifications, $6—8000. (b) Clinical Psy- 
chologist; in addition to administering psychological tests, should 
be particularly well qualified psychotherapy; neuropsychiatric de- 
partment affiliated with group clinic and 200-bed hospital affiliated 
with university department of psychology; minimum $6000; West. 
(c) MS in Physics or Physical Chemistry ; should be mechanically 
inclined; research project; Midwest. (d) Gross Anatomist and, 
also, Anatomist to take charge of neuroan.tomy, university medical 
school. (e) Editorial Assistant; M.D. cr Ph.D., in one of the 
basic medical sciences; important publication having national 
coverage. (f) Pharmaceutical Chemist or manufacturing Pharma- 
cist; responsible production post; small established pharmaceuti- 
cal company; East. (g) Instructor of Pharmaceutical Chemistry; 
young man with Master’s or Ph.D.; university college of pharmacy. 
59-4 Science Division, Medical Bureau (Burneice Larson, Direc- 
tor) Palmolive Building, Chicago. 2 


SCIENTISTS—salaried positions, $3,600 to $25,000. 
This confidential service for outstanding men who desire a change 
of connection, will develop and conduct preliminary negotiations 
without risk to present position. Send name and address for details. 
TOMSETT ASSOCIATES @ 335 Frick Bidg., Pittsburgh 19, Pa. 


Psychology, social, abnormal, applied, Sy Tee Man, mature, 
Ph.D. wants opportunity. Box 292, SCIENCE. 


Positions Wanted: 

(a) Pharmacologist; Ph.D.; five years, associate professor phar- 
macology, medical school ; ‘five years, chief, pharmacological re- 
search, well known for indation. (b) Virologist; M.S.; two-years’ 
teaching (Bacteriology) three years, virologist, large teaching 
hospital. For further information please write Science Division, 
Medical Bureau (Burneice Larson, Director) Palmolive omens, | 
Chicago. 


Positions Wanted: 
(a) Ph.D., Cornell, available for teaching position in basic sciences 
of histology, embryology, anatomy, bacteriology, parasitology or 
preventive medicine; fourteen years’ teaching experience; present 
rank associate professor anatomy and bacteriology. (b) Parasitol- 
ogist; Ph.D. (Medical and Veterinary Parasitology; Minor: 
cology) ; four years teaching and research. for further information, 
lease write Science Division, Medical Bureau, (Burneice Larson, 
Director) Palmolive Building, Chicago. x 


POSTIONS 


Associate Laboratory Director for city health department labora- 
tory. Graduate of approved medical school. Require special 
knowledge of diagnostic bacteriology, serology, chemistry, and 
experience in administration. Salary depends on qualifications and 
experience. Write: Herbert R. Morgan, M.D., Director, Rochester 

ealth Bureau Laboratories, Strong Memorial Hospital, Rochester 
20, New York. 


Positions O 

(a) Biochemist, Ph.D., qualified organize biochemical laboratories 
and contribute to research program; university medical school de- 
partment pediatrics. (b) Pharmacologist, M.D. or Ph.D., to head 
department of pharmacology, university college of medicine ; East. 
(c) Ph.D. in Clinical Psychology to become associated with neuro- 
psychiatrist, Diplomate American Board; duties; office practice, 
industrial psychological testing; Pacific Coast. (d) Physiologist; 
important position, research and development division, large phar- 
maceutical company; duties consist of serving in advisory capacity 
to director of research, entire research group. (e) Two Physical 
Chemists, one with other with Bachelor’s for research 
concerned with water- microbiology ; modern air-conditioned labora- 
tories; Chicago area. $10-la Science Division, Medical Bureau 
(Burneice Larson, Director) Palmolive Building,, Chicago. 


Department Manager for Scientific instruments. Large New York 
Retail Store. Experience buying and selling. Salary and Commis- 
sion, Reply full details. Box 295, SCIENCE. 


General Biologist. About 25-35 years of age is preferred. Should 
have some training in biometry. An embryologist, physiologist or 
botanist would be acceptable. The man is more important than his 
training. Work for the present will be at Williamstown, Massa- 
chusetts. American Foundation for the Study of Genetics, 
R.F.D. #5, Madison, Wisconsin. 
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—The MARKET PLACE— 


BOOKS + SERVICES + SUPPLIES + EQUIPMENT 


CLASSIFIED: 25¢ per word, minimum charge $6.00. Use of 
Box Number counts as 10 additional words. Correct 
payment to SCIENCE must accompany ad 

DISPLAY: Rates listed below—no charge for Box Number. 
Monthly invoices will be sent on a charge account basis 

—+providing satisfactory credit is established. 

single insertion $19.50 per inch 

7 times in 1 year 17.50 per inch 

13 times in 1 year 16.00 per inch 
26 times in 1 year 14.00 per inch 
52 times in 1 year 12.50 per inch 

For PROOFS on display ads, copy must reach SCIENCE 4 
weeks before date of issue (Friday of every week). 


LINGUAPHONE MAKES LANGUAGES EASY 


At home, learn to speak Spanish, Swedish, Italian, French, 
German, Russian, Japanese, any of 29 languages by quick easy 
Linguaphone-World’s-Standard Conversational Method. Send for 
FREE book. — INSTITUTE, 8410 Radio City, 


New York 20, N 


cos 


WANTED TO PURCHASE ... 
ic, Entire 

SCIENTIFI Peniopicais | libraries and smaller 
and BOOKS collections wanted. 

WALTER Jj. JOHNSON e@ 125 East 23rd St., New York 10, N. Y. 


SCIENTIFIC BOOKS and PERIODICALS WANTED 
Complete libraries—Sets and runs—Single titles 
Also, please send us your want lists. 
STECHERT - HAFNER, nec. 
31 East 10th St., New York 3 


Your sets and files of scientific journals 
are needed by our library and institutional customers. Please send 
us lists and description ot periodical files you are willing to sell 
at high market prices. Write Dept. A3S, S. CANNER, INC. 
Boston 19, Massachusetts 
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The MARKET PLACE 
ia BOOKS + SERVICES + SUPPLIES + EQUIPMENT l 


Abrahams Magazine Service , DEPT. P, 56 E. 13th ST. 


Established 1889 PW NEW YORK 3, N. Y. Pioneers in development of the 
i standard laboratory Albino rat 
PROFESSIONAL SERVICES | | Box 2071 - Madison 5, Wisconsin Phone 3-5318 


LABORATORY SERVICES || ELECTROCONVECTION 


in Btochemistry, Chemistry, Bacteriology for fractionation 
and Insecticide Testing of proteins 


Amino acid assays and biological 
protein evaluations 


_ Vitamin and antibiotic assays 
_ Chick feeding tests 
Warm-blooded toxicity studies 
Phenol coefficient determinations 
Write for price schedule 


_ WISCONSIN ALUMNI RESEARCH FOUNDATION 
P. ©. BOX 2059 © MADISON 1, WISCONSIN 


ml.; overall dimensions 12” x7” x 13” including cell, elec- 


trodes, buffer reservoir, pump, and cooling coil ...... = 
‘ Power S SED OS GB. 1 
New. Food Ingredients - New Drugs "beth, - 15 00 + 430 


ANIMAL TESTS 


Analyses - Consultation - Research 


LaWall & Harrisson 


ists + Pharmacologists Div. S, 1921 Walnut $t., Philadelphia 3, 


Send for free bibliography of electrophoresis-convection. 


E-C APPARATUS (0... 


LOOKING FOR A PUBLISHER? more than 200 tome for — 
Write for Free Booklet SC telling how we can publish at w 
your book. All subjects considered. New authors welcome. oan ical, Nutritional. Write 
VANTAGE PRESS, Inc. © 120 W. 31 St. New York 1. NERAL BIOCHEMICALS, INC 
In Calif.: 6356 Hollywood Bivd., Hollywood 2 72 LABORATORY PARK © CHAGRIN FALLS, OHIO 
SUPPLIES AND EQUIPMENT 
7 ECTANGLE “INS 
‘or Microscopica ies 
device for the microscopist to re=- 
: in Mineralogy and Petrology 
Other FIELD FINDER INCLUDES 60 INDEX OF REFRACTION SAMPLES 
advantages: Super prec sion= LOVINS ENGINEERING Write for Leaflet RA-5 
COMPANY R. P. CARGILLE, 118 Liberty St., N. Y. 6, N. Y. 
WRITE FOR BULLETIN SILVER SPRING. MD. 


PIGEONS HAMSTERS 
Clean L 
° CE POULTRY GUINEA Pics 


All AMINO ACIDS | 


LABORATORY ANIMALS RATS 


Rare Sugars, Biochemical Products, Reagents, New 
Posunesntiods in stock, Write or phone PLaza by LINDLY 
7-8171 for complete price list. in, 
BIOS LABORATORIES, INC. New York 23, N.Y. coy, ERRICKS RO. 
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MARKET 


SUPPLIES AND EQUIPMENT 


Canchastes Results Use 
5 VACSEAL” GUINEA PIG COMPLEMENT 


CARWORTH FARMS, INC. 
NEW YORK CITY, N. Y. 


SAF-T-GRIP 


BEADED EDGE 


MICROSCOPE SLIDES 


NON-CORROSIVE NON-FOGGING 
@ Smooth, diamond-processed beaded won’t slip or 
slide from hand—eliminates cuts from rp edges. 


@ Made from water-clear glass—entirely free from flaws— 
guaranteed non-corrosive. 


@ Available in two types—plain or with frosted end. 
@ Economical—Saf-T-Grip slides cost even less than ordinary 


sharp-edged slides 
And now a ial Blood Smear Slide 
is included. in every box FREE. 


Write for prices, further information and samples. 


PROPPER MANUFACTURING CO., INC. 
10-34 44th Drive, Long Island City 1, New York 


For CONSISTENT Rats .. . 
@ BUDD MT. RODENT FARM 
@ CHESTER, N. J. 


Breeders of a recognized strain of Wistar. 


||| SUPPLIES AND EQUIPMENT 


STAINS 


STARKMAN Biological Laboratory © 76), 


TACONIC FARMS 


Germantown, N. Y. 
Phone 187 F 2 


e Swiss Mice 
@ Webster Strain 


4 


PHOTOGRAPHIC LABORATORY 
Processing Equipment 
“Created by Artisans” 

Stainless Steel sinks, tanks, washers for nega- 
tives and prints, B& W—Color.—Special Lights. 


Ventilating System. Everything to make the 
darkroom—A ‘LAB.’ 


Send for folder on layout, Catalog. 


1903 University Center. 


Artisan Guild Cleveland 6, Ohio. 


STAATSBURG, NEW YORK 


MANOR FARM TEL. STAATSBURG 3278 


Supplying every Research Need 


Mice + Rats Hamsters Guinea Pigs Rabbits Cats Dogs 


Bulletins of “American Paleontology” and “Palaeontographica 
Americana.”’ Write for price list and information for subscription. 
PALEONTOLOGICAL RESEARCH INSTITUTION, 109 
Dearborn Place, Ithaca, New York. x 


8-Glucuronidase (Calf Spleen) 
25,000 Fishman Units per gram* (in ammonium sulfate). 
Dry powder—stable at room temperature. Valuable in 
urinary ketosteroid assay.t 
* Fishman, W. H., et al., J. B. C. 173, 449 (1948). 

+ Corcoran, A. C., et al., Clin. Med. 297 (1950). 
Uricase 
Ory stable preparation derived from kidney—more potent 
than available commercial uricase preparations. It is 
standardized, so that 5 mg. will catalyze the conversion 
of one micromole of uric acid to non-chromogenic end 
products in 90 minutes at 45° C*. 

* Wolfson, W. Q., et al., J. Expt. Med. 92, 121-27 (1950). 
Also available—Cytochrome C, vials of 50 mg. (10cc). 
Write for catalog listing other important biochemicals. 


VIOBIN Laboratories ¢ Monticello, Illinois 


46 


ANIMAL CAGES and 
ACCESSORY EQUIPMENT 


BUY DIRECT FROM MANUFACTURER 


HOELTGE BROS., Inc. 
1919 Gest St. Cincinnati 4, Ohio 
Write for Illustrated Catalog 
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Think back to the time when you were completely dependent on 
manual methods for histologic processing. Tissue preparation that 
frequently took days to do then is now done in a matter 
of hours. Everybody’s time is saved. . . 
technician's, pathologist's, surgeon's, patient's, 
and hospital's. Tissues come through faster 
and better — diagnosis is prompter. The working 
day becomes more productive. 

This is why thousands of hospitals all over the 
world depend, with justified confidence, on their 
Autotechnicons for unfailing, day-in, day-out service. 


THE TECHNICON CO. 215 E. 149TH ST. NEW YORK 51, N. Y. 


Icon 


automatic histologic preparation 
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ANSWER: Radio Corporation of America and General Precision Lab- 
oratory both needed new, highly specialized optical systems to en- 
large TV images from 7-inch tubes to 20-foot theatre screens without 
distortion. American Optical scientists transformed intricate formu- 
lae into quantity production units of precision reflecting mirrors and 
corrector lenses. Now theatre owners can afford equipment that 
gives sharp, full-screen television pictures with real benelice appeal. 


— 


BACKGROUND; DETAILS OF LIVING HUMAN CANCER CELL AS SEEN IN PHASE 
MICROSCOPE. PHOTO COURTESY DR. G. O. GEY. JOHNS HOPKINS HOSPITAL, 


ANSWER: What does a living human cancer cell look like? Or 
clear plastic? Or a rayon filament? Details in such trans- 

t objects are almost invisible under ordinary bright- 

ight microscopes. With AO’s — microscope, it is now 
ble to see, in sharp detail, things only imagined be- 
‘ore. Write us about your development problems. Address 
American Optical Co., 89 Vision Park, qouthbridge, Mass. 


prosiem: To enlarge TV but not the fuzz 


\ 


erican Optic 


prosiem: ‘To breathe clean 2 
in a foul root 


ANSWER: Trapping dusts as small as 24 millionths of an 
inch in diameter is now possible by American Op- 
tical’s revolutionary new respirator filter. This 
chemically treated filter has 40 times the efficiency 
of similar untreated filters, does work of filters 8 
times as large, yet is no harder to breathe through. 


al 
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prosiem: To see the invisible 


